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

ELECTROPORATI ON PLATES, SYSTEMS, AND METHODS OF USE
woredoabseAppl i cati ons 5 This application cl ai NBCT/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 Electroporation

LARGHACARF LT RO BATION KL AT Y S5k MoAND METHODS
particularly, the inventj cerns |arge- scale
(e.g., large vol une, nu|§ﬁ€?§ 1, etc.)

el ectroporation plates, systens for use in
conjunction with such plates, and nethods relating to

the use of such pl at EslatiARdickipneund of the I nvention
. Introduction. Th ol |.ow n escription.includes = |
This PRARHER it pratf tsteng Bt Bt i aeieP Rinar gt appication
serial nhB&EG0r430[MB8Nile@ 3. Ddctmbér 2002, eatltl @ VaRipRWEN &lecBBYoration
such information is prior art, or relevant, to the

Plates”gindersin V-1 Ylil 6 i nventions, or that any publication

specifically or inplicitly referenced is prior 20
art. 2. Background. Electroporation is a

wel | - est abl i shed t echnlepheichldtieldovi ng exogenous
nmol ecul es, including nucleic acids, drugs, and other

compounds, across nenbranes, including cell 25

TR @ntsn RNdes!tb@0RGRYANAS MdtabartiehlBHY, tROBOSRDnRBALerns large-
ot her i pid-encapsul ated vesicles. It "involves the
scale (egnpnee ¥plupK, BRltiplewelhicte. Falesiraporaionsplptes sy eras fos eg in

conjuncﬁgg Kith SﬁCl’?@%L,%{la%gﬂﬁjdg !ragingg(g E}lei dsO'5F @Eﬁ%fate%.el I's to be

e conpetent for the intr on o ecul es of
interest. While the nmechani sm by which

el ectroporation fuypctions, i t fully understood, in

the context of Ii3£¥%ggw¥ggﬁgggﬂggpﬁoporation i s known
1. Inrodidti@hve the breakdown of the cell nenbrane's lipid

biTayer, 30 leading to the formation of transient or

AWHEE dsearpsion inclusles indormetiorethehamey pewrsefil in endsgxtanding the

P
| s Lhe,cel drffusion. WO ,
present R 35 B R Bt Bl s SIS i g efyant o the
presently iclatmedbinherd®ont, @i than iyophiblicignapaghadiy or ipIRGU Rferéntbdis prior
cells and other |ipid-enclosed vesicles,
art. el ectroporati on of fers nunerous advantages: it can be
used to treat

2. Background.
Electroporation is a well-established technique 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 permit exogenous

molecules to enter the cell by diffusion.
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whol e popul ati ons of cells (or vesicles)
simul taneously; it can be used to introduce
we@s®aensised | y any macronol ecule into a cell (0OPCT/US2003/038470
vesicle); it can be used with a wide variety of
primary or 5 established cell lines and is
particularly effective with certain cell lines; and it
can be used on, both prokaryotic and eukaryotic cells
{n the sortexkef 6x VW@dW‘P‘L‘Et fordpgodcingrxpeeonpmoleculet g cells and
other lilai}i cIBE ve cleg'e%ctx‘g‘g&%ﬁérpmérg Xumgjoﬁéz%c{vggtgée%? {1 Qh ?&F‘&eg % treat
sed on cerls in su pension or 1 n cu as we as
whole noeulasonsmftca&s(uesesarhds) eingdtascoudle] it sarclanusad swintreduce essentially
el ec por.at e sure to the nol ecul ar,
any magRRIGER BB e R GhickBatsHRs Uit Mo Vaaep! Pogansor
establisi@lcelines AstEk @artidhighl yifeive efidiierthialcell Ands: aRbi 84 beOied on
r transformation by el ectroporation, after which they

0
both prekaryqsic and gpkagyosicicells Wishous maiss iasificatippscoragpsatifing éo cell fype and
e
origin. Q&%d?lﬁ)?%l%g{e)gt%cﬂo%gloﬁ%ﬁﬁ B Bs g(r:be 3;@11!{191 sggr?elnlg 1bn fnecuﬂﬁr% s well as
cells in ghses arshwgatsi 6hll$ mxxxbsmhm@ﬂ@d’obgramdsmbr mruxpgsuae to the molecular
hann appar at us i.ncl ude | east a
species Ea?‘? G itERuy BB dsed. i e dencered Nap B romRe St fora
transfecidA Bt @arﬁsﬂﬁhﬁtléﬂ lﬁbgeléérdbbﬁilﬁbﬁ raf@teRicA%hed cdh 9t§f=‘kla|p?10r to
cuvette. See, e.g., Neunmann et al., Biophysical
exposurgé@théxpolecpies (?, B expg%mpwegtgggge@yodlmo@ @ anqre genss e imteregt) to be
introdude§ typically applied using a generator that emts
pul ses of a high-voltage electric field to a solution
Byplsalkypenswo alectoopogdtionigcandoettd by peyitiaaingansingié-ahaigel apparatus
atle whet her, the pore formation is
that incl R LPaREPAIOL el BOdssar athode ﬁ%‘ga‘b?{“’%dﬂaéﬁ@?‘ﬁuc%tﬁ@mg
chambepﬁfcﬁr&?h @fsposableRUl &R, SEMLigt, ‘P@ﬁmaﬂ%t%' Bldphy@4e 162h4N 71 p.
g and repetition rate, in add ition to the 20 t 8
868-77 @ﬁa )dé\mleqcsﬁ@mte@taégfetymaltyr@pb@i sing 4 generatdyahat emésel pulses of a
Z
high- vo%le&%&%&%@ Eopégstoh#f&tn d Susganilsg) l?m{l% %‘eli Qogglagﬂh Phtgmed from
a patlent; ahdl wirethtarthe pare fdratatioh l‘s&e'telr:*y{blé e &rdvb&bl@dldpéﬁds%&‘&clﬂﬂ%rglzl ng
xperience the highest transnmenbrane el ectr
parametpS s QUSGUEHEHGH JUBHPB AR ] P, A1 <o gicyate m addition o the
type andBdeRElopRBRsBigk 8NtHR PRI, | MR Welieveld €ha ﬁglrqurrﬁ)afnon in, or permeabilization
perneabilization may vary wwth the cell type, Rdnbven
of, the mpmiianecaskyrs ai the gelpalesy thsespes et therell lvambama:otthau dreallpface the
electrodgg gl%l‘{ﬁ telxiéer?eﬁlgg tshgr rHest%s exgrgg;rf}{le Ok ﬁg ﬁ?l)é%ﬁge gﬁdt[]dlé(frfunately,
ina gwd:n)ﬁb@lrop(ﬁ'dlﬁdrh@d’pﬁﬁmaqt ﬁlb ﬂegeé bﬁp@tﬁ@ﬂﬁlﬁhﬁh@n ARY vB§ with the cell
gerforned in large popul ati ons. of cells whose
type, an ﬁmr\ﬁnmﬁl§|ce%%laﬁ&qu@§pvlw Varigiop spdrodtsayantbowsen firens

experimbMtRb Qﬁie’n)‘neﬁ?‘ﬁ‘sl hY shife S %él@groﬁﬂe ?tg‘?i CeF ramci 0§ RS o

aver age" qual I |es of t particu popu
Furthernigre neineitonprdccalbeveay el mfompabmdhnge moimiandns aflcdlisoviakd vy

. ... been conduct sposa
individ g BB A R R P A RSl Dy et fo addres
the “avesdp@Uudlifies 81 the partib@ar c(emp))pulaﬁon pur poses of

el ectroporation . Such techni ques, however, are

Avurwipsed pbaysreleqioppaiorhasdraditiongilyl besn condagred in disposable
single AR 9@&956 which/ tﬁgﬁ%{ag§§ﬁ]aglmal volume of about one milliliter (mL) for

purposes of electroporation . Such techniques, however, are tedious, labor intensive, and require
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optim zation. To date, efforts to increase the
t hr oughput of el ectroporation processes have revol ved
wa@eamnshseal ti - channel el ectrode systens, whi chpdiBUS2003/038470
been used for quasi-high throughput introduction of
exogenous nol ecules into cells in an attenpt to limt
the need for transferring cells fromculture
.o cont al j '
optimizffify FouRig shfaf dbERR i (L E R ER BN L ORR
revolve@hrouad iujti-ciianpéli el trode Biseotsy whieb huvedteen asedder quasehighd

in.respectiv nes of urali of chanbe
throughp e eeguen Bt R Rl BrfiSiRen SEe 1 D Repsepor
transferﬁ?@&éll%qrd?n QMHré cSARRSto @ERGHHARGH AlveRBs. J€ ¥bBRAtional multi-
contain 8 or 96 pairs of coaxial electrodes
channel(e@trepqrgmrc@panams inclglen amhgglgy ofppirsofjelectrpdesahay g beipserted
I
in respe 1vetogl§§ \A%?lruﬁzﬁié}g r81é él’ g?lggrgtt}gaq ﬂgl\id\gh% %I %gcﬁ{ qrrageﬁml%ﬁon the cells.
Currentl/y&{vhﬂabﬂm thuhuteanaclsdatroporatidnidesicze caftain Bon H6 Pais Qt\k)aaxral

electrodgg E(%,elégg{),g&g éx&q ,ggant}irs%loc ?#i'éf gzr}ga%a%&?@ﬁg{eetrseg &r GIQ"ec?rOporatron in

standarcrﬂ)d; we 65 whitcoRair 688 Roweaddsl2 daendd. i3.welig bedihaversiedard
53. Wil e conventional_quasi-high throughput
size of drost:ﬁ P 6P0rcentimaricrs éundaysabrt | 267 emtFbpéhaa Staaggrcenter-to-center
f
pacine Y L0} b o3RRS SRR TR Sl Ol g
6,352,86hat |imt their w despread adoption. These flaws

incl ude that such devjces enpl oy t
SORls GrsiRnaona| SHETER Hab PR Top e JRA s Owrlestopgion of
multlpl@&flﬁéérry@tor b§pdlﬁ§ﬁ§ hert foidPlithfi&l applitaiod] they poss& inherent flaws
various reagents ( 'gﬁ a suspension of containing
that hmitok;enr walebpreadradapsen. t Bishellovg inelnda it sush dedses garpdrystwo separate
compor}gg 5 ul E)Zatm(t)lllt? efi é}ﬁa C%n(rzlfaeg i c?rgdé 5“28/ tB%\G%s ﬁlgérke%)lntlaqyeewells after
the varibdy reggehtiqe gl |atSUSpbﬁ§14)n off @haﬁnﬁ@lyosbeelﬁlus psmaibledqufﬁehmd the
electrode array i s not 1% q ?Hst be &Eg f Eter 1
exogenis ROIERUES 16 e FIEBORGFASE il the Flist gy ebRen ¢ THH5 LGB
ava11abl@'§95t§ﬂ§ Qﬂﬁ]te'tﬁ’é"mﬁftl welFIRtes Yinl BB RispoNABIche elBRir&de drfag\é hdl, and
desi gn of such systens is that the el ectrodes of.
must b@nlrezalned aﬁtera:y@ usgf theteby grepiyilimitingrihg impcothravahpys |an% automation of

sy GBI B CRBBERAL by BEBLIE PRSI B PR A

arrays, hftdr @nttdd@cti@! int thédsveBd) einnot B@dﬁ;ﬁﬁ@ly&g@anenedr 1adlm&<sllst some
percent age of the sanple exposed to t e ele tric
clearangq sppeg mustdedfbiperrting 94 clepwpdes e {he wellss Ags @%ﬂfrw space
1d, @lec® N IE
el S e RS SSCAHE LIRS BB
necessamsredu@de d\lsﬁo owist eeatoni¢ araziysrforrsuelh exsterrr@otmiplcsumhlt@le cylindrical

conf | tiaon inherent ts in electr
outer eRga? R oS PRAGRL eV BF T o o oSBT B ferency
results i’r‘@léc’cn#&ﬁ?@ﬁ varﬁhé aebnaitk a0 flofenblaedtiony B 0% weB. Ahather

only a single set of energizing paraneters can be
disadvantage of whtswernﬁlsahq; oplye syiEe st obenerHang PEREEEEPAFr s

n the

sy D AR YRSl B ATl e
are not @fpalter cff befngtehergitct @rdepinderittyoftien pae bsmbre ofttl’meothmreh’.yctrode pairs in

the arrq-l}-'g leﬁlps ?pgtglrr{rn@flg{r Ie%)&nqn?régt% B%:ogltrergttkgeolgs% %li‘ Iatrlgastt gge r%‘fiﬁ welle% plate for
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3 WO 2004/ 050866 PCT/ US2003/ 038470 each set of

energi zing paraneters selected. Gther flaws are al so
wopamnsises t hose famliar with such devices, iPCH/uUst008/038470

the | oss of sanple due to w cking of the sanple onto

the electrodes. In addition to the above shortconi ngs,

when | arge volunes are to be el ectroporated,

- ' [y, on "fl.ow . )
cach sf APURALIAR B GRS, DL ERSR AN @Nrg e omiiar with
such dcmtesnacluding eheelbﬁocifrs?:gpleameg) Wﬁ:kmg?ce’ﬂ:hd JaiPlesdhto the elelctrodes.

.no tion chanber. and the el ectroporatin ul ses
GO RURE b e SRS ipe, e BrecorpmBRrade e PP ed.
converﬁ%nﬂ%nhhéﬂat§?ﬁ§llﬂ%ﬁe&§ﬁfo¥¢v {hfoughl %Jr@so %@%‘% Frtionf the total
the cells inthe total volune of cells'to
volum%ﬂcé@teie@g@pcaar@d is mpreedrintagn ﬁéﬁcfrgporatmmambpwdtthemieantfoporatmg

convention
s IS 58 SSURETL Lo T T Bt
electropqtpne(aﬂlolf med:ells irethe ens rvgym{eQ)erllytoaiéQchtrf)Mﬁted- The reasons for
h cuy etaﬁs @t 10 a ne. An additional drawback is
SUCh rePHAON N B RE A T bl B PRl CRMeRtiongl beh vodtage
electropdHidrepulieSoeHE Bt LEanWsicdIg deltfer@ble$ td Hntl Aot Il‘finL cuvettes at

often resu tlng i n unaccéptable death rates o
a givendting. sAn pdditienad diawbaghois ﬂeaathecsepsnmnefot msltmhﬁcpldsngen tife sample

is deletEi%lFs%' k}% gﬁg ﬁﬂﬁé ?@éﬂl@gﬁen rlggulﬁuglssns%lgécgh{g\glﬁgiﬁggfges osf the cells in

certain Gp;ﬂ[(tﬁudkﬁ&yhe&; e mobdbbce afidolbcBdkarahs@r fnf@s the d@%c‘dﬂtlﬁht dafipke is
om#througﬂ el ectroporation devices and their use.

known RubedorSePiiet Uik PAET OWEO6R CsDviBRe 16746, and 5,545,130 fo

descrip8bJf rﬂ%ﬁﬁﬂh%dgﬁ '3le@ﬁ"bfﬁ&ﬁﬁ)n@ﬁvfcQ@%dﬁﬁélﬁ?& to throughput
and vol unme, the need clearly exists tor devices and

@Wéh@sll@uatl%loé CCPID’IemmIgheltd’litOpuglhplm tlevaced as dieeelate to throughput
Y NSO N ST T —

other 1aegeemlre applicatiogy) Thetisstard snve@se ddardsed @he@¥and2Bhet needs in the
n|t|ons Bef ore descri bing the instant invention

de““ﬂﬁﬁ“@é@&ﬁﬁs descpibpdibelowr iy used in the context of the
present invention will be defined. In addition to
these terns, others are defined el sewhere in the

3. E@ﬁ@iﬂm&atlon as necessary. Unless othermﬁse
used in this

her ei
BRRES Rt e G B Ol voral b e rigs of te
present ﬂﬁ/eﬁﬁomﬁl%er&ﬁﬁém IntaB@itibe Fdhe LAVRAC bth P arel REGES eIt RYin the
met hod of exposing a host cell to _an exogenous

specificaiipre aynesesspiyr Lnlesprherwise pipsessiyalefineddrergiogemstdf en usdd in this
Spec1ﬁcQt|‘? St wBabS thefB:- bu?%‘n%g&?glpgon bathed in an

ectroporation cont ai ni ng one or nor e
Apesiddsrend, texoge ﬁmmmng tefirew.anCarttadtof beposegmn stteftto an

cel | exo ecu e i ther before
exogenf malfiis. Yoo EXRRBIEs o bielchcopt PSR HEARSbels)cap pa mmersed or
bathed i@laB &l ROSr At drdthffet %1&@&%&3&%1&@0%%&9 BeRfeh of A %P)us

exogenous nmol ecule is "introduced" into a host g

moleculgh eQontis betwsge AbY calbhrdtan exogerous soldeslemytoccur either before or
after application 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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cell and exhibits either a transient or stable effect,
for exanple, expression of a heterol ogous 4 WO
wWQOMN8Be866 PCT/ US2003/ 038470 nucl eic acid nedBUS1083/038470
in the host cell (e.g., the production of biologically
green fluorescent protei n encoded by an expression
vector). "Energi zing paraneters” refer to the
. particular r r e [
nucleic 3 ol FRHH ol g T IRAGHELEU G0 gR NN BB edten
momhla%p&ﬁﬂw&mkmpﬁﬂmhnpan@meters i ncl ude pul se 5 anplitude,

%%&%}Iﬁg%%é@%@% ?}nl]i ©Q é@g p%cu?%%‘éértgi%g%s rl-%%ﬁctg&aﬂlcs delivered by a

pair of erlé:éftr%b&at‘i& @lEB(roH@fl RGUdieer experded. §aéh primaeisdhdlade pulieo
host cell. Exogenous nol ecul es include nucleic

amphtu@a; riurarm avaye sy thape, reRsiippR £ g (Y Y PStWesR PPty one
% no olggno%g ﬂ?o?ec]?d’e” hetR éQ Iaﬁ’}gﬁUEcﬁlH Glibhded ‘?&J A8 RREGHINASto a host

ns or es to expressed ant| - sense

~cell. E)d’(’ﬁgér&ﬁklhﬁiie,cures hmhyia‘emg:le&raaidl mmlmléersf(e g, ngprmﬁm vegtogs, Qarrying one

I 1 I le d d oth 0 h
G SR NTEE I Al RN e

anti- senké ﬁofeb’mﬂgst kiBB4yhlos, rall MeHrfREing RBIASDEDS, mﬂ{ﬁlllQﬂdle@ﬁé drvigd, yind other
protein or enzynme in the cell. The term
chemxcaig@nteqomhowltmttamsl@alw oF aeraragently, theeell At %@l@é‘ﬂ%ﬂ igfluding the
I l.gjjc acids into one or
bIOChe%gémtﬁWt%’tOf%nY ?}0‘?&&0?%%? glre 6? g’g& gls nucl eic aci d" refers
The @rm ugﬂnemallgcrmﬂxﬁasm’lremsl te thehatroductign ofaaner frraperheterologous

f ' t h [ .
nteic e AP bR P R SRR R gy si

molecuﬁé"tllxdt oﬁﬁﬁé’t’e!é frbf zﬁ@ré@?ip@&é@ ok Nf fr&i8 teOhenPeney, isdbithitially
I ntroduced nucleic acid. "host cell" is any cel
modifief fitogn isdriginad ifpréb(@g‘@ﬁdg%ﬂtﬁ@p@mreés%lﬁﬁh%@piy RupbELRfdhe introduced
lei Fbat cells include eukaryotic and prokaryotic cells.
nuclelc giar yoti ¢ host cells include animal, plant, and
Aungalkell'cebhpcelAnef whitkedn anigamdus aellécnle dan be deradhesle Host cells

from mammal s line,
s o R S ROV, o e, S 1S, L1 e B
cells. P?é?‘grr InfR{1€8Hs fnbRBe ﬂ%s@from%&ﬁ’ﬁrﬁﬁlk &hg bovaleBdhine, EQuidte, feline,

er commerci al l'y i nportant speC|es) i nsects
murine,(c@ing, andtmecufterémlmalfS) ynclydirgirinase nd piiaates. fish fag heabeafish,
salmony tqullgghﬁg %(S/(téoggrs?argls llxerlnf;I I{R‘k Lpléglléss) 1nge$ct%€ glf éﬁeéfrlgf?hg mosquitoes,

bees), aficBABS, HIF8s, cRIsRkedns ethdmhERkks ed ‘lvsll asmEIllleles ﬂd‘m&é fforrocells of any
crop plants such as cereal

ofthe g HANLAEANSTSF aNVESASHGIADE s T Gler s o R prants such as cereal
grains, %{ WALEL et igfa%fsra%g trfeh’é"%glwn 1ot lﬁﬁb&spr@dtﬁ‘atlbﬁ? laﬁttefe‘ﬁ%li lfigngal

erred prokaryotic cel are bacteri al
cells ar@?dfafstl GEU!; aPreferep @oikasyotis eflislar¢ bactems] eatls) mﬂldyi&ﬁly@gsﬂles useful in

moleculaﬁgp %Ig)sl ngo Tl p:g% hrcl.%go ré)olu(s? %géiSlﬁ,SClﬁ s %n?rﬁg theg atereferred
to as “r&%Hb?nant tsteice! Hést%keﬁ@alkdﬁ%lﬂd@alﬁﬁtﬂaf ¢edls Alposthdss and any other
[ 1 posones, and any other [|ipid-encapsul ated vesicle

lipid-ericapsolaigdi vebiclgrinte vdienan axoagioss mokculs saib ke inffedwed O¥d by

electroporation. For purposes of brevity, “host cells” may also be referred to herein simply as

“cells”.
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el ectroporati on. For purposes of brevity, "host cells"
may al so be referred to herein sinply as 30 "cells".

WG 2000028661/ 050866 PCT/ US2003/ 038470 Per f or m nECEUS2003/038470
nmethod "in vitro" refers to perform ng the nethod
out si de of an organism and includes the concept of ex
vivo net hods, wherein, for exanple, a sanple of cells

i ~patient and el.ectroporated. using ,
USRS T BR300 SE R OB LS g,
and incjudes tire concept sHeCiies methodx ogRROH Sor®laBipH, @SarthpPle @f 4R is removed
the treated cells are 5

6 ce{.ls, fter whic ]
rom a P prsficledtpPP RIS Y {pfieasee and msthgds efcthe atventicarts introduce
one or &okd§pecies oM&Eeﬂo‘ﬁ@ho‘ié&ﬁle@krﬁﬁ h{ecégﬁ{ﬁ 3k n % ﬁitgﬁr%f%? Lilare

. invention are anenable to high't rough|ol
reintroglyged intq Bieipgtienippl i cati ons. Here, "high throughput”

fec < ) i t rf,ormtwa or nor : .

p?e er%g;bl?yr,ng%,% egg%:xj dé%?gthéﬁe’lteg% ; le%w’oragg%!)lageg &)’? ﬂ"g-}@\’/entlon are
amenalil_eg), higlt throughb@GindA0 Tizge wsluBd 4dplRaticHRI lekd] eRilsh @@budMput” refers to
the abiﬁ“ fferrgnt teI ect rogor%t [ E\ experiments on the sane 10

0 P B SO eieraR3: faftd2 i Hd2388) HEabT6IT6S, 672,
1536, 300, &3r %1440 oa mébed MeRidah&d diﬁ%&ﬁ@éi&:tltopgraff&{ &gﬁ% i2nf on same

te or other vesgéel

conventional el ectroporation cuve
electropasptigngi@leict i ng a singl e el ectroporati on experiment.

Q) G .1 onal el ectropgration cuvettes or
o e yolimer SERREMERRG: R /ERHEE Bl Slspis hebbtime pF .
conventidrish clagiopoesioelcavdiak oty veedltfa ddntiittihg adhp eldfroPdration
. ar v\fno?vggl, 15 gartic larly i.n the context of ‘
exPermﬁng PGPSR OPR IRPPTBROHEVEEesr other véseels provistetof volume
f up tobolithi L, AIEHARH | ; i vol ume
of up toafbo Ao Y &Q8els Hﬁ?rf‘é?%oc‘rﬁlnp ﬁ?é? 51%63{?(‘) F%‘aaé Qn(%vwho

. fromas small as about m croli ou
particulagly gytherppniext pf B wrthrodgh electeopocitiondedps! il ieiconsx@dfiteiw
: 0 ratjon of cell-containing solutions
iventiqi e g Sso8r HhBIBR SRR B S [ S5 BRapiErndbl b ombout 1
mL or rh@es Prefdredilarpo valnmatappldtiohs Dlow fEPHE eleggop%?at}b%ﬁg cell-containing
[

luti l_ﬂr;rg\rei n, the term"nucleic acid" or "nucleic ac
solutionghaypg, p xelumerod pileps aboys § nylairefermblycié erstrliobol tecabeot 109esL or

more. Or ribonucleotides (in either case, a
"pol ynucl eotide") in the formof a separate fragnment

s used hgrep thederamtnuwsleicadidit@énuden asid ulleculd ¢fBisGo a?éblgﬁler of
uae

. .either si .e- or . doubl e-stranded, and inc
scor TR LR s oo 5l Rt e ot
separateJtagmenna a8 aubpohdie bLslRrddNConsiENY, NaPRR ac?d%gdl%‘lj%lsegl?%r single- or

ri bozynme, and triplex formng nol ecules. 2
dOUb‘e'%@Pg%’Y%%‘éd%mw&aMaUy gecring hagesorr bgshbohestructuresn Such

moleculi:é"iﬁl:lﬂgieeDﬁllAi, @W%Pﬁ@ idgs ncod rotel ns or
“pol ypept i dés uti1ized | At gé ﬁ@?ﬁﬁ%é@d %%le?‘tfg"?‘f}%@}???"ldﬁs'
Nucleic geids ¢ra brgwendlyastcufring or eymalgpic eandfin@idecIiNAn§dl @EABNT DN

di from.oli opucl edot i des t.hat provide a synthetic gene
encoding profeigs orpolypeptides utilized in the methods of the invention can be assembled, for
example, from 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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capabl e of being expressed in a reconbi nant
transcriptional unit. Polynucleotide or nucleic acid
weeguesses of the invention include DNA, RNA, PODUSION038470
sequences. 30 A "patentable"” conposition, process,
machi ne, or article of manufacture according to the
i nvention neans that the subject matter satisfies al
time theﬂn@%ﬂs% erfAl " EORAhSIp{OWiRAN BR t%kﬂolvél'i;y n@ﬁ-oB\h@usn@ssV@ the
/050866 PCT/ US2003/ 038470 " time the analysis is
like, if lgter fnyestigationrsvealx haping, or\mqrh claimgregndompasy opeptt pore embodiments
ness NV
that woP e hGHID o RioushRs g e elolinsBEae ML HERREN o
“patentabidyagihbodithénts, speaificatiy bihltﬂctbghé &nﬁmeibleyembodlment(s) Also, the
ousness, etc t.he c eing limted by

non
claims %P@?ﬁlq%a}/*ﬂffp pgto bwfeéwmmbeth e m@%%ﬁggoad@b@ewrﬁa@aﬁme as
well as wkéési@e th&8e vaInRSt e0kRG R rE MR IRV S)the &b%%}éaﬁxrénems for
clai ns appended hereto are to be i nterpreted
patentalptityvdrelemenyigd jor Sabegandardssbangs|fer assespiog “dasthempart@éartsattutory
requlreng?n%%%r P2 c(n‘iail%elitg 1svsaah§id edtf}/om E‘l%rt}nl??et 1S apgh%atlo? asoueis ats f}rlggtre'ét to a time

the Vah%ffse@fﬁﬁﬂ 0D noird oﬂthe laq&]ieﬁﬂtdi?d’lﬁﬁlsdb@&gﬁorfedﬂhasﬁmmm be interpreted
ether a par icul ar statut ory . requirenent for
in a way, ekl RESEIVesthris validity apd &4 rroddesithed biopdgt Feptogable interpretation

under U cLGekhQE i ssues as a patent to a time the validity
of one or nore of the appended clains is questioned,
tiHentd r@fcmltlaﬂréo aqy Wweolt plast, piptanépart. @ plant gellvaya greap of phant cells,
such as EYan? t?srs\li% of ex lre\r/) ?Ilél a agg/es aF glaéit% )mJt%lE]é’ élelll(sj %%nuge (l? Eno&)%Jeusntctlon
with thé' d?écﬁﬁbboran&rf @lﬁ&s Gf thh (iﬁveh@oxﬁllﬁylu\zlk‘l ﬁli}em@lh@ Ipla.nt de Iﬂ{e&nt
| ant c or a group of plant cells,

monocoageqﬁnavﬁ ortq@ébd OHPB% plagtsAgf @ny m%iyclf:\gégé@%flg avlémlpsd diploid,

and hapwswsx%cbglédeﬂo&eplmdoa MBSt R as 4%*& s,l{¥8d and sweet
l'ectropordtion plates’ of the 1nvention include any

corn, balnlneg,heheap Irraen,tsprghemt brayn, Peanromiba otyy edieas usxapples of

« i, cot donous ant s idy.level in
dicory Gy RS 3 p B & etue ndPue Bt R Rrneeto o B
soybear| pUppérs, le@ice, Feag Qiﬁ@ltfﬁ clovef) eblddeopa dPBE3gbiSoleratel (€. gae@bbage
sweet. corn, barle mheat rice, sorghum. onion,
broccolbéa&ﬂqﬂome{, gtssel ,sgr@ué},@adég{ garr%ﬁﬁ; @gp{% t, spinach, cucumber, squash,

melons,tcg%tgccg% %m%s Rh@MrRus 8915?1691{ ots", include tomato,

cotton, rapesee beans, soybeans,
Rippeels’ refeet mlmemagcje:alﬂ; of alyf mirftainclodiog ercell frome: leafopdluer

embryocty sk fanel 5 g1 potic-Batuirec iRy e rct BE Pesbratss tg a whole

‘plant. BagR Red eon‘i’&isﬂ{g‘ihultlﬁl@ PUHOEs cEFHBAST. regeiBlafBBBinto a whole plant is

cant al oupe, sunflowers, and various ornanentals
included | thedefiation ofragriant self. onghis icpmtaxts teg§| ‘intasf” rgfeys tplagingle cell or
I
group of E}ﬁ%lg gél%ﬂfl’fﬁonlg g%g&gg gvrfr%rt%glf %1? g% dc)l née géﬁ” é&i orq{ntreated cell
wall(s),aetompdred tor;eqeplemat es into a whole plant. Thus a
seed conprisin tiple plant cells capable of
ﬁe@gﬁ%FétWSﬁmmﬁngﬁnﬁﬁﬁle plant is 25 included in the
definition of a plant cell. In this context, term
"intact" refers to a single cell or
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group of single cells which forma tissue, wherein the
cell (s) have undamaged or untreated cell wall(s), as

W@ oopasmas t 0 protopl asts. A "plurality" neans POT/@S100&088470
one. 7 WD 2004/ 050866 PCT/ US2003/038470 Summary of
the Invention It is an object of this invention to
provi de | arge-scal e el ectroporation plates, and

Fystem and 1S gl plates, to over o
It Elstefnadayi@l it algthwﬁﬁg@m?mso psrohdte ﬂdrﬁsqglﬁatemfd)ntaﬁon plates, atnd systems
icular|ly. in vitro 0 0 e i nvention
and Kits BRI &S B PIS: IR ROATE B SrEeiRg ks SheSrent PprEIS T on

mtroduo%?&(%éencfu@ rmd?&%mg o céIB Iﬁd’ﬁl&ﬂé’&!@cﬁz Vo, BXSEETEHR! of the invention
ecule into a host Ce in vitro. Thus one aSpeCt

is to progfdetrhrshodsasnsing suchirseppayalioneRptes for axample i1 iatreduce AR
exogenous';[xFJléc%?e 1%&94 HJS?Lélf ftPJ ener gi zabl e el ectroporation

d substrate, wherein at |east
Thes, ode dsbecty}étHeSnvelnnoﬁ dftﬁlccxhsiblectummrdtmn|ptaﬂesph¢tc¢emph§e a plurality

ot SIS e e O BB e o o e vt
in the pMR! daft be iR pSIRATNY &@%Zédnl &.hehat diRfgyie blovitRe € heteleb@oporation

ener gi zed, aI t hou may be. Each wel| contains at
electrodes mnetQﬁAﬂleetl“@O’t’Q’lbpfbﬁ akeptmdee rretét: pHgewell aged nos be erprgized,

althougﬁl Q’l% Zna%ﬂ% aclll Sl tt:o Qxﬁs &%ﬂ?ﬁ@ elgétﬁygf}l%ﬁgn Ia@tlfc?deg](at fast one

e vesse an 1 |V|du
anode afdl eCleasopre adthaale) dxeprfstd thoreirg andseressrad tiet veskel inwhich an individual
preferred enbodi nents of this aspect, the wells of an

eleCtTOPé’Faé’@f‘F?ﬂSB?%\F?”otf? 9ndictedar e arrayed 15 in a series of

%ﬁﬂé& efBBdiFRUE o2k 5Pt GBé WaTISof dnblRBOpoaIbAFIALE are arrayed
pre erred enbodi nents, the number of rows differs

in a series ofattdast tworrbws and tvedolumaes, Irrymtlcdmlyprefmedﬁmbodlmems the

er a
numberg?gewa (hf?'tjggr%onb ané‘mr g‘dﬂt%n%lmd‘%\,\%?{%’%al? W? s%nt?am? utﬁ‘mﬁ ratio of
rows to icBMﬁﬁlE i4boutDBPIH SEncSfvefelred émbgitmaidts,ahe pileﬂek Sf the irgtibn
rows and 12 colums. In otcge refer
comprisg PAHACHTERRraLOn Helsararebindgnps et aedlumng . rr%}b%rrpa%fea‘ffi

embodlmht#s Sth@é%?e)é COmpRse B4 R oA AR HAVSE in 36 rgvf'&‘rfd5274600]umns

err 'ate configurations contain 192, 288
Other pﬁ:'f@red]ﬁﬁe Cdlﬁ@m@ﬁs?@ntm 1921 288.,08P) &72, 6% 15%&;&072 ar é144 wells.

To fa011btfit§tagt%tg§eg1 glbr}g %g%lg% | atvx'llgf x1stt%g§/lsegba%xa ﬁlﬁl‘l ngughput

systemsQis@d fGthé BlolSpedae Bi@Rees, fittis p&fdﬁll’e&fﬂeit tebvehdidihasios ef Q:Ielplates
di nensions of the plates (]length, w dth, and

h
(length,jyeidthn andshaighthbeathe sarae g)ﬁtﬁﬂeplafeegeéa@ﬂeég el i§¢ ntﬂﬁéerr?g ﬁ%’éﬁa Lolurans,
and elecqr'or?pxoa Won Wl YBSmparBd'R c%h@éﬁ'ﬁ%ﬁ’ﬂ Of AL d1Qci vl d ﬁult@@ell plates (e.g.,

ed to conventi onal non-el ectrifiabl e mul
as are cﬁirattB'Suséda1rgaut0rﬁzﬁe<hl$lghltlmoughputsmtﬂppumismenmgamtcms)t ed

I ot RRUANEUL ComPRAT SELEE 10 SYS1 MR b B oraion
wells, tROQEs 38 4utRlB6AIOBWnAidaPBr rectangular boxes, in either case with one end, at
the top of the plate, being open. In other embodiments, especially in those having large numbers
of electroporation wells, the wells tend to be substantially rectangular boxes with one open end
(at the top), such that when viewed from the top, their length and width dimensions are

substantially similar (yielding a square shape), with the depth dimension being different,
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wells, the wells are substantially cylindrical or
rectangul ar boxes, in either case with one end, at

wo be4osseof the plate, being open. In other PCT/US2003/038470
enbodi nents, especially in those having | arge nunbers
of electroporation wells, the wells tend to be
substantially rectangul ar boxes with one open end 30

ypicallHardefndr 1 len o P B Moo T cblrbtviala ey Bt iy suitable
geomegricrshher méyy beet ralpl 0 gedain SkepUEne:x8 BERE

f di nen3|rgf1}ybe|d;p %l: ffner entrl * S%VHDVGMJnBa%%%ég(B%&Cd well
contig BpOMSERYds 3 328t ro Pgesidesbpipntially parallel Walts upos whigtgink or more

electrodpdifraroMighdiedi BRSO, i having an
SU|tabIe1%;egnetr|§es éﬁeSégagﬁéfﬂMM$L6éarmﬁ"?%QWWMSOfaphm
have sybsapaally usi Ofrh dirnensisms wban cahpialigbllpr-etRr Sech sudbibtency in terms

el t
of shap;egébkfgflte%t% yg‘%g):s%%{ilgﬁr $Hifo ea%ﬁ%@%}s’ogﬁg%qgseoﬁrowg to well, all

else bemlg@qualoae etmtromrarcel wiBpesHPicallopEnlat .S} %abbént h femovable
the el ectrap oratlon wel | s aplateg

enre
cover (A EULFIRER G wEh Bropl arerm mofandmelees onpsidertl (oe n
the case\ef d cyliadm&dllly. sh@éﬁ@ve@lofb%'r i BB Edse o@atre%'ia;ﬁgle- of sqsﬁarae %aped well,

serves to provide a substantiall
ete.). A widlthe gpereainiedito rf@gb@mmf@mrmm exampigeby inj@tibn rr@'ldi@g
ro n.wel.ls are typi cal
il P RERLS 165 L 800 1ORGT LAt B R o
openinglkealing cbmenshkmd(l &elengthagti Mﬂms SraBarRdibr¥) nghﬁ‘} Ia?épr‘ﬁ@hlthose at

dewal | (one in the case
the botigg e} 9%‘”@EF}PG&&&%%E@U%rquVﬁMﬁhq bekeiomasell a
Ae &R Bgh
cppr et a6 are Pare ullfized Byl Spigns s ieasing e
numberiof e]eﬁtjrcg@fqt@n wedls g{smm?llytkr)@ohfunmm:eaidﬁﬁ nndiiélﬁu‘ﬁ d\tfegllr\t@{]nrﬁelﬂ €n
some erﬁﬂ)&ﬁperﬁso%\feath% hntvg 1osnl, ﬁlgelaﬁ%ffi’ﬁgﬁ%% gl\étq w ec%ﬁ}aghr}g{qtfgelaﬁ;v wells
(e.g., 96mrdvbrsas fow ad Qarlye,teﬂélﬂ)ngselaé}gﬂélh ¥ Ha®E gglﬁmte R2Abduft qmllﬁ‘ﬁ?r (ml), in

h 6? E omof the well, thereby facilitating reno

the case at9 éveb pi?{t% apd Ay uprmed:ase,cqf IRiwells. bBreﬁ;gpde’mllatodadnesfrm’fge from
t

about 1PM&HE o PR zﬁ%utsf M@ﬁtﬁ_{)@?ﬁj oaﬁ%fgil S{nrage n\{c’ogl?rg%rfxr%?sp@le

i ncreasing t
particulgr Wpif.ded dxympbsmdtsllthograp}detetlﬁﬁq)&s fidm tﬂéi lséfhldb&ﬁiucﬁ&? Hbrlcatlon
nmbodi nents. of the invention,

indusiry 4% & : %Lr SRS %Ptﬁf goniaping glsriroporatios vealls bayige f@umes on the
mumduﬁﬁﬁﬂdivm(mn@hmrgﬁd@r even as few as 2-12), enabling
e%ph well to have volune of about 1 mlliliter (m),
eraplyeinegeh elggtroponsionayel! (p1 chamberanfar €eettopbratibh plaas e
f f bout
sccordin) o 4 il ot 81 B B furdiio B PR AL i giposttionea.

or dlspo:g:dmppeme\ﬁo ltheneberatcetrpps stidal edectrdfe fpREHak %11 apfelferbgly thOr
ques fromth

tolith hic tech
electrodésy érrlna bvﬁg \A%ﬂ%}:eosfulgﬁtﬁ?tgaéltyp I ?le tgggélmltqtgerécp @cqupge@ramn ofa
uniform gle&xgic &R iRkt WQ1 @/Réﬂ o é]éc'ﬁ%dg% ¢ Er(e?@%oﬁ\% the e;?]re?]egﬁeo?f ey

havi ng vol unes on mcroliter
electrically. gprductpresplutian) !}1 thlsn:oemth swtisranma‘lkmﬁra‘llfel ®Banigel/| 1008 fpreferably
according to the

0 n tion
3%, and EUATREE betiraBD. B SF e e BtadBiRuls G era Mo eys gy
suitable dikegtiomyalthowgghlph: efbﬁb@ﬁﬁé ¢1e@RRAEs are horizontally or vertically disposed, as

viewed when the plate is placed on a surface to receive a sample of cells. Electrodes may, in any
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?5 or disposed, opposite to the other el ectroporation

el ectrode for that well. Preferably, the electrodes in
wa2@iosseael | are substantially parallel to eawtt/v$s10e3/038470

to facilitate generation of a uniformelectric field

in the well when its electrodes are energized in the

presence of an electrically conductive solution. In

given V\telﬂi ? 650 %{a%ﬁés &%g@&g&g% g\%h%}se %rsﬁlqu% aa@%g;i??ylg}l IB?IV}dg(él electrodes

(preferaﬂill)emteryedi ﬂSpaﬁr&)of bppo:*e& plestediies, wnt Béingveh hSodethd Byhet Being a
tabI di recti al t hough preferably the el ectrodes
cathode] st gy Bs Grraird Pgth et Blhcrpiogias) e fartigaar Rattendgeilitating

the sub%ﬁﬁll& Iﬁﬁlf(ﬂllnﬁ&l‘é‘trl'bﬁtlm m&t@ﬁé?dssﬂ{f(;ugﬁ Bul fle g\@ﬁ eive a
I's. El ectrodes may,
E@@Ytpl@B@B@@l@@ﬁ@&Z@%f@&ﬂﬁ@egrged/mm ﬂ&elsidewal,l(sf ofra well in a

s SEMhr B 4 AL PR B i

conductifig apfacsthdreef Bekp@de so a enepldplactd iAthealdll eAltdrh@iveiyN® form an
e energi zed together. or in

ei n cat hp th ma
electm‘tﬁu%‘s@@re W%ﬂ 8“1) =Y ?@aﬁa{l be HF%SltiﬁaP{e&rﬁblv ac e thin im, g layer or
compos‘it@ Of P B AN bh leidEWh'l‘P bf‘ e Weﬂ' ?Hc%gbg fo? Heﬁsﬁﬁﬁ)%‘f‘%feb&ode material
fields through out the wel ['ectroporation
include glippine; plging telestrpless @remltrylwtlnl, egamlg,cand rvaportdeposition. Electrodes

(or pordln BUBHOF e Xpa B hbey U arrudtefibl, S5 BigpRPEl. ©

electricallyl dohdsdtivl niaferialsa Exampibs of suth ntdtdrfaiGaclies R@fahirfinum, titanium,
exposed to .a sanple placed in the well, ternativel

or a non- @eﬁag}zn?lgqﬁncaéﬁyecgpqhmge CRIPRASHtE Sfd argaphitafor @@olymer @Hﬁ%?r

sufficieR@®Ndd}Rd WSRR iahffInt &h@ﬁ&fv@ Ml aYerB skl rfoxlc trm%: g8 19(% it %6 Serve as
or’ conposite of th I'ns, on a si ofPThe

an electygale lusefrip theguagict of tll&elp@stldm)on of el ect rode materi al

0.inclu i ppi R, atin el ectrol ess
bR st ieRRL 8 5Bl Bmblse ot mpagio i iple lectrode

maternalEJ d‘;‘g:t éd'pﬁa’;?mckélf arfdQdold, @a¢h dfvii @0k aplicB 8o B¥REBESLYsRatb ast
el l are preferably made of bioconpatible
dlfferenév@% heefé)p/|byﬂélaﬁ ¢ davierreot ilectapdeanageriaty Rraftralaly o syefcgpmposites,
the outeﬁﬁ&s@‘i e'lé%ﬁ‘ P? c&ﬁfugm AhstBlid] gir@ tfléttt@gé osec?tro c%llse
ectrlc 'y conductive
blocommb@r d}hh pteetrcé@rmaeqmj(sy methe falyéd(xédbekolw the uﬁtéansehatyéMnay also be
n_amou on uctjve naterl suffi
biocom By ol B 0Py R ot S apblencosh EomARE E britbe seriying
substraté Br ddhesiéd Reérl FanPleate s rhaMRtukO8Y applichtioR! dndithe material’s
enbodi nents, the el ectrodes conprise a conposite of
propertigs gstaj c,gp@lcg}ré@qyrlgﬂ@encqﬂleékﬂlgd grtisgn’gymategighistectiomfor kglven
amﬂwmﬁﬂd gol d, each of which is applied to the solid
substrate at different times, thereby building up

Whyrearplied toed sidéwabllen alattesde @Eefet’&bl@ fcet?c&b hy/mu¢ofIH€ Kidewall as is
t he . out, el ectrical

SO AT M RC R T
electrod@ﬁI F&) bdiSg &Qr@k&ﬁﬁ '&Bﬁﬁhh&ioﬁ withg c%g-f?grﬁéﬁ%?y g@&t%q (}2( %E will be

he | ayer (S) bel ow the outerno [ ayer” may a
apprecnaﬁfrdo golagatseale epplishtidrsugierd apiumlity cfietdotrads sefsole.gepainy)ltieat are

brlit the un su te or
energlzeg%hélgegeﬁlpﬁg%}e arlr:e ewyogﬁd tEe l%) ta ?q%ﬁpgnglﬁftg g'lle[ 1s generated in
the voluﬁﬁ@lfch&tcbrﬁdinin@@dluh&ﬁbéfﬁ/%@f thaklestrodes that comprise the particular

electrode set being energized, not necessarily in the entire chamber. Preferably the electrodes

10
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properties as a conductor may influence the skilled
artisan's material selection for a given application.

wQ@ohsmse@ppl ied to a sidewal |, an el ectrode pref/esnbd/g3s470
covers as nmuch of the sidewall as is required to
generate a substantially uniformelectric field in the
wel | (or volume between the electrodes) upon being

v t t |
cover aglrﬁztgc?'rog‘gﬂ( v&aﬂgja%% llb gaﬂgbﬁﬂllé&’g &t%g ral?lgggéfpg}lélogéfg]ugles up to

the magippin ﬁatthe)men/\:hell @o Be ped/ ialadioRto ﬂl(ﬁﬁh% ?feésxgr:rtg&tﬁlty rr%f the electric

e.q. airs) that are energlzed at d
field gé}%aqeeq&ﬁo ?lﬁgf@ﬁﬁ@tb&r{wamw uniformelectric field
IBach elé@tﬁ'&fe%i ah @leé”t@oﬂohﬁlo}ﬂ? ate cgfme}:cad t0 gggﬁo%lc{(])r Fﬂ%% an electrically

sol ution between the ele es that conp
conducﬁéﬁ% Mg 9rr §pntags peimt)rthal san earnybaiergy te lger Iglrlzcaﬂhr enaetrode from a power

e ire ch Prefe abI
suee S PEL el 1 AT D St
embodigeentaie etictrodes fei e vlabtrapoasiopassls i £givas cdllkha (G oYGred
on, vol ynes, up to  the nmaxi mum for

1nterco¥\14he%§:dru€ g 1ee\§\§{' }nsp%lfai]e‘o%xch dhay thely ﬁaxaggf,qeirgjﬁed[ or addresddng
s1multah€tﬁlslyl;l ivhilé teteYecBbddsTsr 6E @F:Et?(‘)ﬁbratfo'n% a%@ggﬁoﬁfmns (or rows) of

bet ween the el ectrodes to be maxim ze ch el ect
the plate gotglecirigadly cepeacteditothe ﬁheﬂgaed SveHS) miléadted eherg&ed In other

& ect conduct i W re or
pre en%@%nﬁ{%& %%e)%l %r%{fes?gxh eac r“fe oéﬁg Fgﬁ rOROT3L08 q, ¢andhgl ar
indeperglertdy adsigessdd; dnus allpoing eachswdll 68hé Blag-to ba eRYEiSE lndlependently of

er at t c be caonnected to the device
all of thg gt %WﬁﬂbM%&a@d O chiisei i lase having ietlensndestl sddrossablaevells, i
|
may be @b&RbIeQB SindlarIQRn¥Blzk Swd Br ol WAR, K7 F#ﬂ.}ﬂpléﬁ% ﬁex}e\é\%i: S%fltﬁsévs

i nterconnected in series or in para

related tohe enséqimeton eificicnsy ofdtic patadsr cnsigfibd paneisy, whi | e
on wel |

R ORI 05T E0RLR L NS RO

certain @nbudantr&dht solidwsaberes igin72dd foe d Eorﬁ‘béehoﬁk%nﬁ%smon of a single
ized..In other  preferred enbodi nents, the

material WY Fb‘if&é‘“foélﬂeréaléﬂdlmms ibfanphe rapdecrom p@ﬂrablnajwnp bédiéferent
materialS. aFar*ﬂSulaﬂlﬂHx%Pe‘%"ég Stlistr tg ?a%ﬁ@sd maa%@#%stlc ﬁr%\émﬂf?)ﬁ%§n%\fe easily

| ate to er I2e
formed @Fq desfred ﬁ@p@ﬁ (fesrexavaple sbyi varzk)hsampldaﬁgeproﬁssdéosmes infedtiéh

d bl [ t
moldingl 8 fafl 4 b¥kael TP EATADls bl Biopemangararely mestingd it
desired. fInrprﬁmmlﬁbodirﬁergﬁ AR bAk Eoﬁkﬁ'bf ﬁfe's@§d g&slrrﬁk aiede {rgnség}gnt to

lich ftransforrmtlon ef ficiency of particul ar ener
ight of one of mare wavelangghsdp.g ¢ e engihy loﬁhﬁleabb@@tromh@etlc spectrum). In

h ta e soljd
oter e RSO0 £ SR LD R BU S BB BSI 30 e
embodirhentsrell oha pegien ofithe salithamitdtowilbbe epaguaigl e  materi al ,
lgT/rln certain her enbodi pents, it can be nmde
sPaishaf FateFafte™ne tthy B Emion saties!pde 4 lastone elctrical
connectibia tHat gIWWvar én}érgprt@f)@&élﬁ'grea%’ﬂkre%%%% ?t}{% r@aéé ' /Q?y sitlaBfE®

E|aStICS are | nexpensi ve, easi |
electrica @g’qng@@ng:ﬁrab@gsegf @gluélxngﬁi@h@lcalby)nnmmmushatrmhpimy’lgns and sockets.

In particRaA§ Prt&ired e%%g n%%t Jp %l{ty of contact pad-type electrical connections is

provided, with each electrode (or series of electrodes to be energized with the same parameters)

being connected to a conductor energized through a separate contact pad. Thus, each contact pad
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nmol di ng), resistant to breakage, have desirable

optical properties, and are easily machined, if
waleaisnsmes | n preferred enbodi ments, all or a ppet/USIW0®H38470

the solid substrate will be transparent to |ight of

one or nore wavel engths (e.g., wavelengths in the

visible el ectromagnetic spectrum. In other

is electrﬁﬁh? dorRBk8 withldt 16Q8t oRe @E&Eﬁb&ntl{éfebF’ aﬁo§mgltﬁe eaetbﬁfde@ ® be
be translucent, while in sti ot her

energizeshifad me desired all he e¥ackhnysaber ob gongdet pwbccwmt@lrs ﬁam@fiﬁ e the number
r
o el SO Sop BLECKEARBLALEP B RCAGRGIEh 28
independexthyesietghired dsavelbdsl vaveshee o ehegyledtoniecahebls\(epe switchet Y ure
el ectraodes i.n the plate. Any suitable electrica
provided ihd BETIPYAH C%Hithe used, including el ectri cal

TRNAEGEES BSnrdecb@dn (OB a%é&reﬁom faekabs. enerFfl‘ to be supplied to the
particularly preferred enbodi nents, a plurall of

one or meateketrodrs drasypyan dleadate.ias dirceterhbes pcpnjwélet thatjdirects which, if any,
el e des
ofthe <BERC B e M Do ERF e BB Roi e ARperil ( nEPIS
generatep.nfkectetrotler can de bdilkdhtorthe pevgisapely bh ratierghtivelys &pan bt @
contact pad. Thus, each contact pad 11 WO 2004/ 050866
separala¢ey)48s2003/ 038470 is el ectrical ly connected with at

LR8BS p AN PIREL dc061Qing!th BleqRVenfibh B B&ofcbﬁaﬂa@%kﬁg ot ﬁ))ventory
to be energized, if and as desired. The exact nunb

elementgfor gwamplesa q@ads elortiedyoreadaliterhen gedes that Rrovissaiaique @ﬁenuﬁer 50
tha « pY A ARSEAL hOPAE) [ BorRRIPLELR AL oRALk e O O
anelagd Zlqﬂ:ct @ha\miventiaa cobetialectbpanti@l plates Ocmﬁ(gured to receive a
ontr ,. SW tches

. 5
large voluyne P&?%suane.n@ev fo beﬁ%@ﬂ)@r’%@f@m gg Eqﬂcajlﬁs% Pﬁfﬁww&h thgplate

typicallh8BRRBAAIBOuMRbRIAH P Y CRRESMhah Boii 13 Lh@PJrht@ Shdrfbers.
he one Oor nore ef ectrodes pr esent In ate, as

Each chdmbeanesdbdoqpea atthattope kitkqugh s netiesssotial. \H}hr: ehamher(S)amyy also
include ?Jne f%hxfle?] %lp%ﬁt {2 agleow cluu} {J)eﬂ(Rv gt $ an%/cﬁ‘ oufof e%cﬁlcﬁ/e b% l&% chamber

€ "POwer” supp generator)

may als6 @sitaialonebr @maft 1btérx’ﬂUbdfﬂesJ o tlnit d)‘l&:onﬁ?WEﬂulS Hfopérer fwithin the
alternatively, it can be a 10 separate devjce

chambep| laspg ﬁa»ba@mefﬁtspfla%t@é%%&moaaow qnrbe b3{{lesmtlp GRY sregpt. each
chambegiogﬂ% f%g@ 5@kARt Ghed éﬁd;é?bﬂﬁabﬁfa FlﬂYa‘ﬁW warect@hgm%pgggr on the walls

, a serie opti‘cally readable bar c
of the clpanther.d€haelentiogerecantpeisingfeaer qlecstm)de sétate disppaed ércefpasite sides of

e B G- MR S HBTR, o bR LE S

number®f BlebtkRO (k.| DA, B] 1651 2¢ 6Nthb&Y meremhéxeeemy@lu@ nuhdber of
| arge volume of a cell suspension to be

anodes g|dg@ihodeo plitaugh thenvention Foriernalatss cleprades sgsetbat compaise an odd
| I3

PSP L SOPOPTL 38505 B BB bl

as few aslmaér‘electrcﬂhymbmmDmnahe thetrdédepyilldetubaliglvobjongionotith another

essent The nb ncl ude on .
clectrodg g ophRYTEd RSO Ry PoricH e e RrBa AT RSy B fomppise
pair of 8&%dENRID e afRling BATORKode). Each electrode set may be energized

independently of the other electrode sets for a given chamber. Similarly, in embodiments that
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may al so contain one or nore internal baffles to limt
or control fluid novenent within the 20 chanber. In
w6 oome/osisbodi ment s, el ectrodes can be positi oneRCDOSI00E038470
baffl es. In any event, each chanber conprises at
| east one, and preferably a plurality of electrode
sets disposed on the walls of the chanber. The

A h_e tr.ode .set are di sposed
compr R R bE il PR af R0 S8 8 R PhBoieg rGmbers
maybq@wqyupmmﬁedmméuawphut&ﬂkkmt@&cflectrodes preferably

nunber .of el ectrodes (e 8, 10,

eve :
B PSP oy Sharibeh e raprissapliral sy opelctrode
sets, it iypRefededihd: hakhReEsR selveRAbighed BGUERAYAY! 'Ir?ﬁlose se embpdiments where

cont enpl ates el ectrodes setsS that conpfise
the elecirapPBEHIOR EOIBPIASES B Series O(f dulges betweed elégirodes i ﬁacih]e,lecirBde St it is

preferréﬂ)ﬂhgt)the L&Q?gﬁptﬂ&sealgg &%ee%%e[ ‘ﬂgc){ r‘r%) | Sge% thro‘ég st be

one electro event
completgsichgfare t}@cqiqclt,mdftsi a mnwm’relamﬁtlehﬁt in ®hk@BAMBS @resdlergized, preferably

red accordin Particularly preferred are
usmgt %&r\ g) eteéf 4s Vreu g?%tﬁﬁpfrgge the ;ggqe,dm(gfse@q;)égte}eg@@gs By
sequex(tel.llg” in thk&oARRY @ iabsh ea@theds)

(gla &:‘n o F)gl 2da 130 It : eaenden?@ryexaﬁﬂfé %cﬁ%%ﬁ{ 5ﬂf)%gedsp%srs of

electrodgs yvithinygeelengate welf will bg \sequenhalid energSiedifioar dne, enidrof an elongated
1 [ 950866 PCT/ US2003/ 0384

well to e . gg\nthﬁaﬁw th%ﬁ%{%f% r&g?‘g&n (Pré)ms f §PUeTHORR otjége wetho the
outer ergls@ftheowkdl. set in two or nore of the chanbers may be

%Ho{hgr Ealg at the.sane time or at different tines.

PR AsPesh 8F T inysmiion conperps kit Aomprismarap electrpparation plate

accordig@tothé B@sntBonPlhbrah iat KaRbn&s6hL,fRYRSELIS; al
preferred that the el ectrode setg ze leh%‘WMSOfmephw

contain %&HW pgq:lpg;rlcqll,y qompg@n@lmgmllﬁe?ﬁlsctmkmuye:onﬂ)etehé’ refers to host
cells thft |r@a9ﬁ§ legha&oggn&ﬁ %ﬁﬁéc%f% ifthe Egeltsgnsce o ng | vgll%gft beqt,p catlon ofa

el ectrodes I n-eac rode
suitabletefremtrict ffedd. S"Eyplmlyoihe pellsseid! rBPdpeadtdas b WasBr fugble f%r storage and

des jven el ectrode set be conplete
transpoig 8‘?‘@ iffothg |°%@“t ‘?Bldé@a’é‘f‘“%hlfofoh alrleast &¢ h@l@a@rgfetablynl -3 Hays, and
even mdéib @ﬁb&ﬁbl?ﬁﬁle@s‘ﬂ BI7045€ dAs RibeLpbl Yated! %Lf%gentt 8158 Gma Ay require

paraneters as were used to e rgize't rece
buffers gcgllta(ugyg gffegdns earpefsats. Mored‘vge qlmay( beaddsyable to ship é‘ells in a frozen

[ £.8 at ed. t hat, X
state, in ngmh%r% t aoélfbf%rérel gacm’ er Egly agaig Be %eﬂglé:? d&gg %m the sghection of
buffer agd cﬂhlg.atrﬂbmmbhs mléﬂ tohBe arsiemtediédrétldny 'In 6Ri%¥ ﬂ)l %ﬁpcefllrc%maining
of an elongated. well to the oth

plates, a,ﬁp{taﬁqﬁfl fe\rayy (c-ena Teupebledorayplagicioowen tsrpgrefc@htyerlso provided.
To prevéfdlidsk 8 &l §u@§‘en‘§l%hl(mtl&u¥m fﬁ)%ﬁ f%)rrme{kqﬁe s ik \r%fh%nt s

Anot her rel ated aspect e 1 nvehti on conce

1nd1v1dugbw<§jls; iy e@neét}@cmﬁ op‘vzm andmdueﬂ)llyatai caclCwell. dCEIG cdrRaihid@ plates
or, preferably,

may be %W%g PRI dn Bindi E‘V‘g?rgmfw ARaINEMalss- | Apetkage

insert widlftygitaBtaldoctd ﬂr&vi@éﬁm%@rﬂﬁacﬁ t cells. "Electrically
conpetent” refers to host cells that readily uptake

ARodyE ATGSt Hheiatemionicangems elpctraporation systefns Itlhammnp@ytah e
lect (ggggd le,electric f| Typi.cal ly
clectrop @R AR FE ke SREh L G R Bl R ststoriy P epefse a
least onesqugln elgerapachtion 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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transport and in which the cells will remain viable
for at least 24 hours, preferably 1-3 days, and even
waorooa/opsed er ably at | east 4-7 days. As will bePCT/US2003/038470
appreciated, different cells may require 20 buffers
containing different conponents. Mreover, it may be
desirable to ship cells in a frozen state, in which
tthevent a. different bhffer %.a%aln be required.
no CA%?é‘SP’dWWdPi)u & heP LRl AsiasRPaRte dpYies. e Fhegontreligrdirects energizing of

the pla@Q¥aHB@ d1 kD désS ple@drhbly QcdorBing td d }Iac’t@gkt Prodr S r»%l&lﬁ{ﬁay buser-

order to ship cell-contalnlng pl ates, "a suit
definedprfpiory gyeyidgdfey. examplee srbsesdsl feonﬂ eineng rllsprll@a; pllucallqowfq:ré

deg. revent

prograrhBefi O S ARtatfl PRaRRE) P8 SR BIRT Gion hinPhae plae
handletrm)yﬁglg)ad formmi e ezjandlmlvoralmmi plme ldhfri]ng bl?elrat&aniet{eedlécﬁa périfién

ver i vi dua each we Cel | - cont al ni ng
system, F%?fs “eﬁﬁvgﬁ‘i!mﬁ%k% é@tﬁeﬁ?&fi\?r ERTAPTISFS 87 eledirienl samnestio system
compatib&@wﬁh tHERE Eo fefdctro8 @ tndicBhdiRtoRd RitBSp aﬁ@ﬁ?ﬁ @uchI tha S¥Hen a plate

wi || glcall al so be provided in each
is placeAﬁl@ﬁrﬁgft gg@fg@}@rlaéq elegteical gomneciions acomeds, thereby allowmg the desired
{

o SGE AT SIS R AR B lorsay ey

the platej ariimthcasdla lagetvehmevilite, to eatthdf siee déctrod® glorpiibs RIE, opposed
ower supply adapted

A e I LN R

be apprédigied," @Rk aiorO8f Bk pbRer st BISURR Hatwinhdqid!
i ncl ude a controllgr or, BS?RRMﬁ WO Zodﬁ?OSOéggd%&be"nQ¥MEd

into a sipgle/ dggg@@g}mgggq]@ctlﬁ@pf dftvms ﬁgpsnmqud:wenthmal thelearsus functions
provxdeg (B?e St &Mi gfon@éox@er%ﬁB@&aéoﬁHQﬁ 0 atplatgﬂﬁ%ﬁ ontroll er

S energlzin Yous el ectrodes,

brc&htﬁrreaibbdnmts@xfmm gspeat, the py%ﬁfurﬂfeﬂﬁfcﬁﬂks mldmldf@ma{@:e
d g) l g ed or factoré%prov ded (for exa
readers {5l SRtarfRGH{AS cHEHOPTFORT Yo" Ghabaiist g1 b o n hgh

throughPhtRY§taAt Rt &8 hful QfweRINRaed, ﬁier}gadgﬂg)qg(?llﬁ g):‘:ﬂcallglfr?g dffferent

system may optionally include a han
locationg @ﬁ‘f inganesel afitey efpsireparhiéonedceutsy fopcxaatpl@mn pbhtedladdlller i@ plate may

r.a I por tion eferred
be mov @bk 3o of e Rl lon Bamii T B it i Dl on
then ocanemnrie smmoanbgtﬁmem ﬁﬁlmi) a)tstelﬂi ﬁna%\hlsbl ifcN&le 98 tincAbation station, where
ductors in the partlcular pl ate such

trodes and
the platq@ gcﬁtrgpogiﬂa? eerhsp s ipguited undse desiied conditiensmriopiol being

moved t@'a%‘atdf gc(@} dRPBNREGSDRBiBh e Made, thereby allow ng the
desire energi zing ‘paraneters to be delivered to the

B edlertoldias a platethader auglogmal esatling dadide e&ﬁpdbilbtb wigh ths data that will
of .a | olune Iat

be geneqfoc thy s ey o SR BB b5 o kgt piste. For

examplep #ithsexoferpue glolcedRShirdduaéd idfca hddt 88) i§h W&IE@ Q@gLﬂﬁélé’cule
energi zed (e.g. an opposed pairs set).

encoding g 53NOHPT-CEE WhTFeEXpFessipn éroéﬂCttlh%Pfstﬁ)\kﬁapgbﬂp plfgeneratmg
fluoresc&RBL 4 @ uﬁfcr{mtcﬁ‘%yFHeq{sgd t%acgﬁécet‘rd X hg&/ rhﬁ;cﬁlqgmategcggcet\ﬁ%emltted

a Sl ng evi ce, oOr nto Ctl on

from a padivbler Wﬁldav\&nmtaﬂanothhespmaes aﬂemgeumﬁ mola&;lem@/bdilablel&d{ a8
or

ne omer su controller,
desired, Tyl 0B R S i R i Siss elePuse I igferen
electrop@&ﬁb@&ﬂnﬁiﬂoﬁﬂ%fﬂax@?t‘eﬂ&@rﬁ cBR@nRALIITRS &c. RtAts8d in different wells,

different results could be expected. Other reading devices include spectrophotometers (for
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readers to collect data fromthe el ectroporation wells

or chanber(s) of the plate. In high throughput
weyeessed hat use nulti-well plates, the reader{BHPS2003/038470

is(are) typically in a different |ocation. For

i nstance, after el ectroporation occurs, for exanple,

in a plate handler, the plate. nay be noved (e.g., by a

robot or other devige), to a.station contajining th .
examplf, 8 fiep g s BB RS0 5 e iSEU Sehgth, Grgade of specifi
waveler@iliQ Of EN§Sa sEPellich HhBERRIIHRYo WhiRR ah BLddeHSusAHolecule was

i ncubation station, where the plate (and the

introdugedy and mading Weior deviess (fos exareplpae assesrrstadbrsgnaedellowing
tior . ' ) _ . daia
eSO SRS i AT B RAE R AL i 8 5
suspens@np)] athsugh anyakdiengordderiaceaparipaf dedcengad bfféchen delsahdt hat
di tgi Il be eEkeneratseq frog)1the el ectroporation
mediated by an;€ P4y MBIPYIE MK e CPIYed ect roporation pl ate.

OthoseZn dandLemplbyihh @ pRXORENRUS isBréRaEd fal AL EREESREtion
into a host cell is a nucleic acid nolecule encoding a
system glap ictude agataestanpasievies i darsidain qotleried by the platgyreadesifor later
. %ggg@ - .Of ' C , | um nom tor may
reVIEW Pe usiggls't oA ng EP'?%?% Mg%%tg'fag% 8‘%1\2% %ﬁ%ﬁ ulsﬁdm nescence was
Opiionalg, arf elenmopompaon systehawilivdbd inclSdern platd storagd faeility to store

speci es  of, exogenous nol.ecules may be |.abel ed, as.
cectrorgBgiop R HERE HRTS e P o RSB ADF AR ERe
experim@ft, Pfrably after Spmate MeddeyIed colldctad dat£r ent 30

el ectroporation conditions, buffers, reactant

brthesembadingsnes, of ¢hig aspgetean gleeiraparation systesm further ¢amprises an

o I t te her, r ing . .
oini G S N SRR e SR o
with othed 8xgefibe8abc iAo ARG /e (3B dpdiati@xBitgdtered irDthEBRHOFE

i fferences i? absorhance of a specific wavel ength, or
‘étrf’@l@thS’_F as@ﬁ"é Of thednvepL o | @fttﬂ é]”let. spf ﬁwft]rpdlpqﬁngaan €xogenous
molecul® W8 amMatQR1 AontpPiSing 8ink 31ebMERDriMUnGH iAFbdRXAHE B nous molecule
nmol ecul e was i ntroduced) and nmachi ne vision devices
into a hst g¢ll presampinea suspenaios eerfaiped in andiiestreperatidrowelbef angelectroporation
I | ORy ' Latroduction..of an exogenous
plote ac e P BIOE A1 FIF MR P FRRAERL L Blrafils B BN
moleculalintbatgit calty retkes wathdening ehs leet eHipapitie oftaldeg ap tHergo@hous

effect on cel|s that is _nediated by an exogenous .
moleculﬁblplélg ﬁie%trqug;atb)g. é‘ﬁ]ﬂ rggpétd)_f elegtroppsationsths supgeRPYsmolecule is then

able to ENBLOHINEe RosPLdf Of @ARE! tecHnliques s@%rﬁ[ﬁ@%s‘s@h alsd %ee employed

' el ectroporation systemalso include a data storag
in orderde {urther ¢nthas¢echeupiaiteofeadgemotemoleyulehiatodells whichddes bdeor

later . revi.ew and anal ysis. Any suitable dat.a storage
electropy e, dn bl A AN Eeteatil el e P aliliE p e, 1
other enfodirBdERLMit i5 a 8Bl moRehddeugd 1plval Be SfpRicad®l thaGhérk thantoBe species
store electroporation plates during the course or

of exoggnous BiRiesBledvAYIledrssent 1B R ZinenelesPpUpBmMaRIHAn.
' efierahl . : _
PR A B0 iy, LASB PR B .
Preferred rukdreaticrtmporedls inohuds ysitreireélLsrah i @rancadiior Paeisularty preferred animal
cells include mammalian cells (e.g., human and primate 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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opti m zati on conputer adapted to optim ze
el ectroporation conditions, alone or in conjunction

wd omosdscot her experinental conditions, using PCT/US2003/038470
el ectroporation data stored in the nmenory. Yet another
aspect of the invention relates to nethods of
i ntroduci ng an exogenous nol ecul e into a host cell,

om0 0 LR AR O L2 Do o

any of thélfREeh O peLsttcallned in an el ectroporation well of an
el ectroporation plate accordi ng to invention. Here,

the use of electroporation to "introduce an exogenous
[

R R g iR POy SR ol FlIES ok RO BN g
drawingss detgjled| desdriptipoyraat iappendédclaimse s ul t of eI ectroporation,

t he exogenous nolecule is then able to diffuse into

the host cell. O course, techniques such

i ont ophor esi s caprig 3RcigicRaThiyPAwindy order to

further enhance the uptake of exogenous nol ecules into

EBex andathenaspesieansesspPodinaty ¢ighe pisad invertiqnewillhegome evident

upon remfm@ '@_@tfl %od;lhgda @éaedeggg) rr{gﬁ& g&a%hé&dawn@g lrtrl%lit fepﬁe%rﬂ certain

25 other e It 1s
preferreldtdndmdinmembmfghe inyentioh] whieh dpwiegsicah bd strhabrizadras fdilhnam;

ne sp eci e | ecul e .nma sent

e Baa S AR e ResroPp o Bl e e 1 the infention.
Deplcteﬂﬁi hoglsvelltphe (9SWesigh4) a&e/aﬂggﬁhéwlntoselgltewﬁ(@y ahd GvebR! dolumns

or a proka U§Otlc cell. Preferred eukaryotic host
(8) The g9p ssirfpess| (T sprhrra aseplated avith agoaducterdp carry current. Extendmg

Radi | I e I n
o he S LRBE A LT (AR, RSB 0E! SR s
located bn one kide bhe:;ov@ Gath@m:'s argd theiyonductdrebn the otherisidaeln thigi ne,

orci ne ani nmal s) |nse?t cells, fish c [

.and bi r d
embodigght Elecma gemﬁcaorbt&arlsexte Y FRESRY S8 qe0Ccuial o Bdact hgplates

- where e(%%ltrloﬁl conedetsi it Apdwer RS @ hreqshdelapihe df@d] 66&?! SR 18) of the

cells 15 WO 2004/ 050866 PCT/ US2003/ 0384 from
COHHeCtﬁﬁrf@tmOWSe?d'ér%@QdQﬁr di cot yl edonous pI ants. Al so

ﬁrgﬁxfé:g%cgeﬁ%tsta\;a%oﬁﬂ Pﬁﬂ§ ofd%eﬁre%) “?Qu Fdl o] S10¢ fich sytstgm for multi-

Feardredan
well eleatdmmit&g@esatexfactchémgmo/&ﬁtm@nnmI | be apparent fr om t he

olla g 5 drawi ngs, detalil ddescrlptlon
r?%%aw&% GRS B aHa e SEPEMeDit bflateh éOW\,ﬁlfi?ggporatlon

plates aaa%as Re ANle %Qﬁronawg%ﬁé A fwgl AIRLALABRA ﬁarg scafe%l&frsioggﬁon

i nvention w | becone evi dent upon refefence to
plate (3$)cﬂcr:@wnggo d@tlavelnem drdwrain fheipbate trsditaii¢ foc bregk hlame agrdications

and con}pﬁlges ﬁ gﬁal emﬁtrr%pﬁor 10 c?l?lrgéer& be@clgg‘ﬁ)ﬁgifﬁe&l?o&ggp to about

15 mL dfekll @u@enslr‘mgux gholwn, Sacara)fltﬁel dietropéra@dh ane¥Yb 1) arav@blinted on a
el ectroporation plate according to the invention.
base pla@e@ﬁbt ighichabg GRS ap wéfftéovigél) apgdan guilet por (&8), as well as a
l. )

vt (S ORRIERISIN BB Yl S AN Pl S e
each chanbathes ar erfgonanaic pyrtion (4B o facHitste haidhigg.

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

16



10

15

20

into the wells are electrodes (12 and 14) connected to

t he conductors. Conductors for anodes are 15 | ocated
wonoanssss de of a row, cat hodes and their condpCt/OsS®0D088470

the other side. In this enbodinent, electrica

connection to an external energy source occurs at the

edge of the plates, where electrical contacts Mﬁth a

represﬁmwe Emdi eeBleYectb@e HRMe vall ib gk%agieatf?dm b hé?%?e ‘r&c@e l%/ an dp%ulatmg

% the connectors for anodes an catho
portion o (8pM@tl$4 Vardn 8 gharaksmmesk of tbesgfelq:tméqxr(é%mm&ﬂ bv @alred with an

electrcﬁ'&:‘?ﬁ; 591%6% Qrpth%% Fgﬂef“%'h néi ea&h gl ctfc\}% PRt ald bgyindependently

el ectroporat es accor
energlzab@:u rReeferatiop ﬂwteskecﬂades&lf&éacflﬁpécﬁ‘éﬂ@ pait hréeheghRdi Rl %rlel sposed

I pl di
dnrectl?/ ﬁg}%e{ti\:/ gﬁeuanr%ttgeafik%% taql,]gfn anyel elfé:grfogg pgggrg;alslggreferably spaced such
that th¢ aurfiee SCalecl@I0as IS%EHH@I toQRe sul?t*a@é 6f thd Ql)hela%?cq{og ?(g?ngpré o

t.he | nvention, wherein the plate I1s suita
generajoy ecé‘b‘bﬁ‘?@%?f wilstantiahly eq@ﬁﬁpﬁm@@sbdtwb@ethe diectrdded|regardless of

the positi B WRAMAL él@&r QWHQI %CL]ISSI?PSS%}E is rﬁlgﬁsg ﬂ)ﬁ%aﬁ?oglggghshown

up_ to about spe
in Figug¢ 3B.tthe 8pard8 7bﬁ0h@$qlmmnebmlltdi)ﬁﬁ§ péRidh ofiite cH%B@r?ﬂZ)qptaﬁered in

ach chanber contains an inlet port
the dlr%@ﬁé?opth Gofiéranhiad (Basst 'g%?lm%sa %&Spspggman frorthe ¢iaeber.
tRi)gu‘ @B lshdvad £crbid debiich il f
) |r§ t he %Iepl cet ed enbgglémn%tﬁ%@gé {%‘ rﬁbe§s ﬁ) of

Figure éf\gﬂi%qw theslgotpdes (éﬁ)oye dnspcfsad: suhstaau@nynmndbmmgy ab BppoB&d to
hanber s

vemcaH}I' | Nifnrtg% BB ERANLEFD o%ur% a’tt e agﬁrogiggpgs Q%Pr}?etﬁg i @rllﬁ.qf theanner

ectroporati
walls Of tshe shaonber iare kparated @y otieinother [BO¥NA Fn&ﬂﬁtﬁ%%bfr@& fth
wall | ayout of electrodes. Here, three el ectrodes (de?)o ©
" disposed on one wall of the inside of chanber the (32)

Efgﬁrel @DV’@dZS(EOiﬂﬁQM@%éMP&?@Qﬁ@&%&bJ @% f er%nstereles of

and each el ectrode on separate
internal haffles 42 ia|Figyre 8Be44bin Bgure AE)that G)p’(gpnalbomby bainofuded i the device.
When p\P@lenlr lq’lé %Qfﬂgé ?eé'ge fbﬂﬁﬂ’?ﬁfé moev?%lgl?toog dlgueég thee%%%r@mnggﬁg]gomon

(45) of tha ehmtm@st)e Inkle |deplaﬂad eRB6dImehiS Cat I Biga Rk hIs¥RAY adsaplg inlet
Pr ef er abl , the electr 5

on(4g q§£end ntl¥ i zabl e.
port 1% n et Befe 3&3&93 Iimeonerveaysamgl Oyelm@hdamem the
chambefli Ep@s 8% shodlk %%?JSL ¥ec‘ﬁ99 g%krti ﬁn&{éﬁ aacrﬁglrnpgr 0(3%)rt8fsg?%ﬁl y

el ectrodes of an electr are a
represensiye semfignedtiontdf é}tafﬂeh E23.uAb dq:ected cactebaffle et @owiward from
t he o r electrode to

h f
thetop @2 trafloet Kb NG BT BLbshEeT 1 PrtsoTo Pirdiss 4 At hsichymber

sure " géner abfi

(32) andethelwwesfercen@ﬁ)h,fuetw HrbRraBlyeGhE ORI
on between the elaecyt rodesﬁgﬁg eg@g %:reeﬁélugéd Ina

osi t
Chambe%‘pﬁ@ﬁ | }1% OPRIRE hedoyy ongrbaffleis shenssdicrsiretas gfempnnmgmbeneath the
other baffled %ﬁo@gﬁ’r cotnlﬁguxfa 191%rha(n%%%%plé B?fﬂ%so L{% d&ﬁe efglr)}{s%cri] Io;r)]emngs are

portion of thé chanber apere
contemplgtecolest the invefitierh eAowtll Btappreciated 3 bufflea s %Iso lcBntain one or more
uspeESJon fromthe cha Fi gure

n
additond el o o B i R S eTtveh Ber neiinind Gy v buiasned to
one or n@ke $idd ofi@rdMambelidaldi8bn to being attached to the top of the inside of the

chamber.
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Figure 3A wherein the electrodes (39) are disposed

substantially horizontally, as opposed to vertically.
wW@0040508h€ enbodi ment of Figure 3B, the el ect redess1089)38470

depi cted on one of the inner walls of the chanber are

separated from one another by a small insulating

portion (41) of the 15 wall. Fi gures 3D and 3E

i pibyrst ' ; e
2 e?l?&‘g éﬁgbg‘”.@ %?ég%%@?:ﬂ%@dfl*/? \ﬂtegeéﬁ H—; Ebre(g%ongw‘ns Sﬁveral baffles
(44) extenglineer@Ehe siet walstaf dhreaihsigre Gﬁ:the blemhﬂa:fi irligl@tbeted fhdh®on such that
When |l es serve to limt the

one baﬁ?e (42 le ves At op ﬁl%&nzbﬁtwgerlsl «Fee (4d b havingihg glog@ appregch to the
opp051(e4x@e)ll faée tdon shanbbes afpd&lated, ﬁn}t QﬁtagﬁQh%Qﬁine%f'pc%@é{Eﬁggge or

b %% chanber also has a sanple inlet 20 port
more batiles, tagardlss af spniigpationgyy coremplated byrthe inayntvanmbhdeed, lthvbaffles

may alg@é&taﬁngeakgde%noq hewshanber. Figure 3D shows a
cross-section taken through a chanber (32) to show a

rhagire 36 phaws apetheorepregentattvie@mbotlinkeat bf £ehahthd) (32ﬁfor a large scale
electrog(frgﬂtlcﬁlt epqgtﬁ é %Qcok% fgg{ﬁewg)ﬁéfﬁggs tggt\r/fg\é\%%% ffr@g{gp@éﬁ)]qmpe
apphcahoiisi dmpSItﬂli‘cfllaf} 61? 1@33 3F Qfustrdi€s &Q@%Wn V1c§\§8} a gﬂglletcn%lge?\’\?such a

l ace of the baffle. Preferably,
plate thsh?ompésse%@ér ¢laeirade eairs 648%1'd25?\’1&ﬁh¢rbmde|(512)tdf|eschvmc;croﬂdﬂ@nr being

disposc@RBrRERoHebiavy h9@§h££f(§{)}t% the %af pr rE:ed ii e & dlment each

openi rigs "beneat h t
electro@eoﬁfnt@yataql inemandndisposgl vamhctalllp liea b,aflfok'&fz C\Nhﬁlber directly opposite the
t'he

ffer Y] ze s.are cont lated b
other m%hn\l/)grn fetf)] UI% qctrgg %?b%r%‘b?a&b & thet S bt hpl@g){hmg}ectrodes the
electrodels af2 sepmatad RroféheQhothBY 1 ardfdlildtin %%hlo%{gm JH9e né) 1<ﬁzlar wall.

Th varlogs shapes and sizes over their |ength
€ plaFFaa;’/"dﬁ arg}t)qraglﬁ@gorppflse@ﬁ@dt@torMpesls)m@Qlaoéomhca eachmfblw anodes

gLy k0 sl e Lon e Lol

supply (]npgshpwn}BE)rghmgmr@ thetladtede£ MAGKY dopitte MM SRlier rla%ch electrode set
exten Ing

v o R S B S b e
At 80geIaRe AR6A Apr&iad tﬁé@ﬁbodﬂ?&}%&h&s&ﬁé&%he e[FaS}gzit rawings

openi.ng (43) between its face

are represspialbyeconly @nq qlfenot@lp;pgtsthc actua Is¢opfeaxf éhe(id@ntiolSFom dxhmple, the
ng one_ or

various @&Hrr%(ﬁl"éht‘g%f ?rr I8 ?altjé éla{) élgcéorgxpg gcbwn]g rlll’blﬁgfg?nr{ %Iﬁy Garganged

differentipnt mnl]utiaackﬁudml ﬁﬂdﬁ)rldmﬁf@éﬁtlc@m porengleed, the baffles
may al so contain el ectrodes (not shown). Figure 3F
shows anot her representative enbodi nent of a chanber

(32) for alareaeaifrilisEbf ARG Plate (30)
according to the 1nve able for large

Refprariflee pragspt m(qattloonsdesbmbeﬂan tetailllivds unddrglob&thdfthe invention is
gl e chanber of

f
iR LSRR e 9 e charier LT
these m2(y4\&&y d} is al‘dottb bk RRJANO6EhARERS 1eRhinBREY usl BRL&GR Ao PRL | purpose of

bei ng
describing particular embodiments only, and is not intended to limit the scope of the invention

defined by the appended claims.
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di sposed directly opposite the cathode (50) of the
pair. In the depicted enbodi nent, each electrode is
wo mioggsmsed | nt o and di sposed vertically in a »et/USmH3/038470
the chanber directly opposite the other nenber of the
particul ar electrode pair. On each of the walls that
house the el ectrodes, the electrodes are separated
fromone another by an insulating portion (41) of the
. lamoduqtiongy wal|. 15 The plate and chanbers al so
B Jue PR RAE R s TP LI F A lonA D, O gprin
preferreti@néioémtqntscmese:rdaﬂsabavs at least toawelis apdanmenyeds 9o 182, 288, 384,
r uppl,y 0
576, 672,%)6% lrSCI)S ég&}zl %Mt?thér ep C%ntlac% Fﬂg’d&lg}e Qx% el%ﬁrogf)ratl ngla‘étrodes

that can$®tindepbedeily aerg&Cérmraddessdi n otﬂ’(&yprbierredl embbdisents, an
i nde endently of the other electrode sets. As those in

electroppr?éloaﬂatwqcpr igdP dhs iRy Rntiop emBKisss @t leashoge. PBHABEIAMY axl-30 or
v Yy

o B T R e S Sk T e S

embodiments.caeinphambet éranprisas & plusalispafdentiotle sabs tharcan be independently

enm-aedé¥% %;gte pl ate according to the invention nmay be

g H differently or include additional and/or

Iﬂ hs‘ ﬁ:ﬁimmodamnﬁ igndoatex Deft talsliganides CiridppendentDf eneRfzed”,
Invention 25 Before the present inventiaon is described

“indepepgenglx pddnesseq’t, of e kg éfffgrtSé%HletCﬁ%ﬁbﬂtm &f # pyiept ¢lefiropgratipnt
t I [
electrodleé gﬂrtléﬁ:ger an‘I ﬁ%&’oﬁ%gﬁ%ggﬁlsﬁg%? I@%gtg@cfe séfle % S&%ed ;ilalrs of
electrodvsa)rty recetve |esergj/ sapatage dnd apaud énost anydthen pair bﬁféecttmpmatloh elgytrodes
. hereln is f .he r pose, of scr n .
in the plgfe T ogpiry o Fivefivoo B B en o™ 668 bepmelisheg many
ways. Fdr gi( CPI@ QaSitQ8RroPbratibe cleftvRIRtpa? haydRisti@slelRvitdd&rom the other
d claims. 30 18 WO 2004/ 050866
electrodpwvmwdséaqwde pair isparif s op@rsepasgte cirenitenmprisedhef the
electrodg{ S‘Fdetﬂé céd&Yx&ths 4 ch%le@it t‘ﬁ? efe&réo%g g)ethé gl%L fwal cogtacts for connection
él ectroporation p n certal
toa pov&lrrbmﬂ)llyremnernativhbfse ph)xkedllyeef éimtmded; pfeéeaa;bly tleotrodel dasrs, cante
configurgd o5 clefghts O?&c S3BY &lrﬁu&emtﬁ&sﬁh %‘i“l"ﬂe P%ﬁ%&vzrfggﬁ%@%’swciawd
with it. GhaEtlsANeR alill 8tediRCWhAHES paBidul@ble6@dieRir is energized when the
|ndependently energi zed or addressed. In other
circuit ipenergizade Plenebisel niier havingrompbinatiprsnssuch @ifulss eanealso be made.
When tf% %%Ergayga 1t§ %JS)efok E%%the(ﬂ xg@{;g{bkxé%ﬁn 9& mh%?re,zihen(?@%ddr%&%d the
well (oredsembfroxmy Bi(are)gsatitblbe C‘mdépandemg/ eﬁld&pﬂb&f’ ohikewiga, s:unlker

nbodi nents, each chanber conprjses a ralit
embodiFRIBCVSHohE Blete 16 FexeTea o fat ?eﬁa@l}i’ﬁa@ﬁ@ﬁﬁ af ?‘ESéH Seis are

part of cﬁl@ ArBRE GHd thhO cdri b cherbAR rt@ée@fég (ileNat thelshiné Hfe CRMREX bwidh

hi's invention, "independently energized",
actuatlon) those electrode pairs (and their corresponding wells) are said to be independently

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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"i ndependently addressed", or the like refers to the
capability of a pair of electroporation electrodes

w@ ooo4los08ger nunber of el ectrodes conpri si ng anPCT/US2003/038470
el ectrode set, e.g. opposed pairs of electrodes) to
receive energy separate and apart fromany other pair
of el ectroporation electrodes in the plate. This

power %@ngg lghc%v?[’clié gnefr]%nr?éeh&f‘tocgnextgﬂ‘é a&!lﬁg’g e%@ﬁb&g asgwgl &3

controler dwt diogpoy whdncnd dabwmtaclodecupxamil hmynedge:ed; eqmﬂr ﬁtpedsgntywhlehi switch
where e ch el ect rode

L th
or switgel Wil BE pSEop s ciFoel. o i SaiRlernd BPEPg G eoserrgie units

althoughhﬁefex@b@&hés@ deftianditied e side Mthet Ptifglt H@'&lc& ORR eettrdgdfation

electrodes to the electrical contacts for connection
system o glsqimgkie angen more Rlatercadars. dataystoragasieyicas, iang/opgomputers (e.g.,
to optm%lzg Elett ?atloﬁ aftle !, Ynaﬁ%&%ﬂ&g A6 vRAkASImd 1%@,{ el

confi gu as e eman S of "t'he same circul

Brﬁi@tqdomequanenma‘\mﬂg apd ethet ssheassithé atveaticdGiravibiotouighly
dmmnbuFHﬁ a swtch wll determ ne whether a particul ar
Yode pair is energized when the circuit is

energi zed. O course, plates having conbinations of
such circuits can al so be made. Wen the el ectrode
E&Eﬁgﬁﬁﬁlgéﬂiﬁior single wel | (or chamber) can be

' es)
THQQMQ&QH%&%Q glg@t? 105 g?aé e}’]\?#tl%leg g%xnhﬁlﬁacg?rg %tgé'foﬂ

is (are) sai ep 'y ‘addressa
performing elmtge)oratlnn exmelmensn‘l%nih regarkdso embedimente asﬁhlaﬁ)ehllgﬁ-

roua G UBENGRE SAeS BLE S piel st 05, BRo o
which @A &g gidép‘éhdéﬂgeéneﬁg;lze@ The weB areiBspSeA8n b sHRY su‘%ﬁwﬁ@ Whd may be
switch, actuatio those el ectrode pairs (and their

introdugedyat xS giages quqn%acwr@ Ex¢lectrity ¢geh Wabepas iepeitmioyelectrodes (an
l,
anode GRS Fy pASSAIVELEA oo SHETAL PHERMAN Gy e

electrodeb atagde anmdkléddsat eaivs smgds affmasxufabtupé aliesldcoradadirabriehgized
electnlcallé%éfgp ten& %st C@ g, t he Jnventloq al so
using an elEmpl ROWSF YopoF At o 40 & Brglectroporaion fiekiasa pylise
generatdi’ ?ih@ﬁcan/% oBerAti ROl 4s heplat€! SialilaAPGR %Hb@&‘inﬁ‘ylﬁtv@i@re the
conprise a plate handl er that energizes th
plates cemperm ane §7 merealgrn tvolumezphambers: qaglp ehaattieoeomyprisesa plﬁl‘allSy of

i N L Y

preferatig ddp@ked m @enell of the chantBeatwehich Bltgsitdgdesle fivsn Medild s@abstite. As
contro er that dlrects when and how each circuit wll

will be gpprecialscy FhamPer3a be inadp sepseasly anhthem be gifacher togysupport member
at an appMpHEE SRgM M:co?tﬁn%?e(ﬂcegle&hcﬁlc%ﬁgg for&ﬁn&%ﬂﬂ%ﬁ%l lfro@ s 10 a

power sup p e separate unit
power Spmelf/ ezl mtegne@l@oreunmtth@b@yu dfitleeschambedeselfiot, il tarnatively, it can
evl C

e Sy oS S A B BREEhbh EEBER RS e

support d &V bth&SemtRAMLs, AR TERMHBETS afPsudport atenRtdctlirddas an integrated
el ectroporation paraneters, manage plate novenent and

unit, in whicd eveny thesgompyetedaynit il lrompaisd g icrrgnctorodnd: iestrecaheninections
necessagﬁ g{lﬁe%gegﬁg&% o@fhetdlgslcé fbvl?enén'e%earb‘? td&% P yl%?)lyy
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10 2. Electroporation Plates. This invention concerns
el ectroporation plates, articles of manufacture useful
WO 0040808601 m ng el ectroporation experinments. V¥¢1US2003/038470
regard to enbodi nents useful for high- throughput
applications, the plates each conprise a plurality of
electrifiable wells, at least two of which can be
ifndepeneipnt | y energi zed. The wells are disposed in a
solid substrate, and nay be 15 introduced at various
gtfsa%eégnw mfagggmtheougmwteleeubpqrﬁt}orqﬂmb ave@irding & t4¢ invention
an cat had are
comp et o e AR AL PRP R i Efepedadnefdenty energizea
Becausmedsglbwem;e ltkleb/ todk @sdd ia@deguiAbdnRAtH DfsRANE %?gh%roughput
nuf acture, The el ectrodes are

us st.a
sereniffsl i € Bty i e oiaBid SuqasIe (ronlom environment
althougheduel E@ﬂpétibllitﬂ i KR eQeRGd " PRAI ek & }Ial'cﬁl'aqi: g% n?o ?ﬁié throughput

generator’ at can be operat’i vely cou
blomolﬁq:lgqrécregnﬁg Sest¢nYs relynoresinddidspnblished by EhetSa)elegOfop Biin&siecular

St Dy Ve B i i e R FovoaCSbutapdsgptie,

Inc. Amang beer thitggesudie stahdards (B¢ ez @ehft, Facm Ofr ﬂ)rl?@all?la@%téﬁqﬂg\%
deﬁned Se?n ceol ect rgde set #?s ref er abl y di sposed in a
[t Sef RECOmAMM dimengiqns: fP1§ ef yhPiaser yn thaskesybtewm Gesabllyd standards

exist fos P& fodipgint ditnen¥ibhd, h@ighﬂﬂﬂéﬁs%r@t lﬁﬁt'é)gn @gﬂ@@ﬁ;?‘n&% %}Tensmns well

made separately and en be attac a su

positiopsfayexample, fon 95,@@.40@@ 1286 wstl pipes),And siddiwedll iygidityh Plates of these

r,.connecti t he ectrode sets
dlmens?oln§ ﬁkg g‘é g%i\id\g& ﬁ]gltarl)%{ l)yfy ré)g ntlcbsgs ewts éﬁﬁ? glftgxalatgg }h@qdyza{erplqtﬁgms n use
in man)bgjm]mweutlhﬂ bibreitmetogly! &l abriulturd bieERAds $6ipYratibhs, 9@ ell as

d ncldu ng)ﬁﬂents sone of which reside in the chanber
academ)G d o insHtutigas Beoughout the wagld plor facilirate Wtdasmead adoptlon

of the 1&%@@1’3&%}%&&0‘1 Bﬁt&q@mgﬁ ﬁu@%ﬂP h%BgﬁJatt Pg{ I;'t r‘r@nuf 618% %e plates

as an integrated unit, Ven
conforny f¢) thesgjor laterslepelppad Sttdmdardmnnohmppm sutamiaticl Rdickds latform
Compatl‘gﬁn ections necessary for the el ectrodes of t
‘ce to be energized by a power supply. 30 20 WO
B@Mﬂeﬂ Eﬁaﬂﬁ}ﬁePﬁTs/uHS&QQ&ﬁﬂ&ﬁé #1ud@ thdse %'hgreﬁﬁandeqecc‘ﬁrob&gﬁon plate
4” " {1 glh t hr pughput el ectroporation pla
comp“SS%%B LSOk WeltsfEganiRed it Flpmng adgeve eln S@nplafrtladse tybafiments,
two or tBdr8 6f fHefviellie H} e N
i ndependent | ya ner ?l‘z‘@ﬁ (&r‘%@%@(z‘\{i}gg ng%’c%r E}yeﬂoige 31? af the wells in
the columnp( @x[eybncrglzlgé tagsthdr, |bnt mde‘genldmltly ofitheividils @meﬂﬁoﬁﬂnnsf(b%ws) of

f dth
the plat fn cytﬁ %e gcst)g)rélg?e %f:?ggofs ggsogtaél\feﬁ 8 i (grrf(r)vev Wl}l b? Eenerglzed
togetherebl\tlulidw&ﬁiéhtly fromt heweter §1@&deé?3ptﬂ5 Fﬁ'té ih Xudhhenﬂg)gilments it is

gssentlal Devel opers of hardware for nost
preferre H}ab% m;ﬁtrode@p(g Avpiculaneolynn émnetmg celpsine mspasreblys th¢reof) to be

t 0 | ety for Bi onolecul ar
energlze% é?ég:gﬂe:} gg og%gttlkggﬁgc@ su éﬁ{l&% é?,]ale(ét HBIL ip wrgthq:g all of
them areﬂemrglZﬁdnwﬂia&riecgyaiavﬁigamgifrﬂ?enklfgﬁzﬁﬂgt phr&neters, A “portion of” the wells

(or electrodes) of a column or row refers to two or more, but fewer than all, of the wells (or

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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Inc. Anong other things, such standards (be they
draft, interim or formally adopted) have 10 defined a

W@ edo4050860nmon di mensi ons for plates to be usepCT/IIS2003/038470
these systens. Cenerally, standards exist for plate
footprint dinensions, height dinensions, bottom
out si de flange di nensi ons, wel | positions (for

chambe?é%gﬁjlﬁf A p?uraht& o{ g’l%é‘igf Q'é] l]ést?ch{e\évgé éheR C&HH@I”B%B’ Wnﬁg at

least twp esedtrbgesh Eadh eidhbyleét&mafsete caysd mfrapeaa@ht@%@r@wea dAs will be

|
e ! CLE 0 K e sEES  rt
a singleGRFtP NREd00Ely, B F% thay?e degigREH %r@@%@&m&e pieces that can

research institutions throughout

be assemblgd ps negded of @@ggﬂ} elzad exafople. theplasfmashepniprist astpport member
t hi t hr ough

o L1 RAORRLAE0, '3 | LAAOL IR i
chambetsomayhisesef the sdnadt (ﬁrdlﬁﬁvlﬁlsﬁp,elck Sdadtnétahtber inQy RENAAE Eapacity to hold
th utog&&lon nd crOﬁEf Iat orn1 conpatlblr
e same,pEd different xQlyms of ge I-RiftFORTSSTRbIeS: the, élml?aé memhspmay or
may notVédafadi é’leéiﬂcaﬁ e 5&@@ M éxﬁﬂod?lln@ﬁtg wh&% tﬁ@ﬂgﬁbﬁ Grenfber ﬁloes not

plurality of wells organized in colums drows. I'n
have elegtsieal ¢pmponeris, thathadibepurnits Compw the nenss@nyofircuitey anelcbsnectors to

allow th.E ?l r(gdeg ?’(FP@ ere%@?aﬁ g{e(r: & n\ﬁ%é (o0 t? & sgﬁ%)'legﬁaoz%ea)é?@g)té@g:'ag H

electropbmtlon puieepgeméﬂmdirb yInOEmeoB&neMﬁ Wheré theGUpISIrt @O bEFTReq &fmpnse
the plate. In others, the el ectrodes of al

certain g %? RRBFIE "%ﬂessaryg‘ioxﬁe?fgt?s therficctiodesothesupportyaember and
chambel‘%ﬁ)%f)ﬁl'pﬁﬁéjsuch Qgﬂe%?s order b(';}gﬁd?féﬁtq %ﬁ%}eﬁleusg’ td E?keothg' gisired

el'ectrodes of the plate. In suc
COHHCCUQ%‘P@W?@CHIG hlgttrades and @atitabld pswer supplyarQfi oouﬂsa,rthe: mverion

comerf s 2Rl SELUER SEoBREIAERS AISHEEDL By e suh, v
exact devipe bf @ﬁl@teeice@ﬁfngd@tlﬁamfentl&m RBN&R B tE@discrédidn S the SR a%ﬁn
energi zed with energy haV|ng t he sane energi zi ng
paranmeters, A "portion of' the wells (or electrodes)
wf a2 phl Sibst@fesf OW refers to two or nore, but fewer
than alT, of the wells (or electrodes) of the colum
or r cﬁk@ctrggorhnoroplhtes: a@niiod toeht inyerttioe ced Behadpidsm hhpsuitable
: e f t;he ent i ge one. or r | ar ge
soid sutift BBy A < B TR oY mgeGiuai 3 e desred
spec1ﬁcaﬂbﬁ§lby’ PRl processes And/beMa@iifg i PRAtRarlete mred %re%sncs or
2004/ 050866 PCT/ US2003/ 038470 chanber” conpri ses
other polymgrshatiopn fe fasmed iritp thealsiesdeshansthydtlisctiet moldingtor em}htr
P 0 | [ Each o
s, B R SOIR LR b B0 10 A MRy

partlculawly Ipkeferecd thispeason,altboyghsing h1a|tﬁrat @3 cﬁlabmbﬁordfbf Uiﬁk@eﬁﬁt ﬁﬁ%a]s)
are manufactured as

b @ ﬁ- Blate and chanbers )
that can kg alrlgneg‘d 0.2 InjeesrHaeiecipyatioR acqordipe tavhs e eRag e
employell OIrLQARYdirfiéntt WAt &ﬁplﬁ?bﬁst&'s GeGAL E@?ﬁpr&?ﬂe(fthg’tethﬁgﬁﬁmp Lr?a? be

as needed or desired. For exanple
impregngieshind/asaeiafasegsipuith materile fo prwide flesited mbaiacttcrlstles;cel gvémprowed

rigidity, ?iaé HREISatio%[ gx%ul\é%nuy%m%p eefmrlc curren{1 ﬂg’\y/,ce .enbOdl ments,

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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chanbers may be of the sane or different size, i.e.,
each chanber nmay have the capacity to hold the sane
w@r00a/08i866 er ent vol ume of cells. In nulti-pi eCECT/US2003/038470
assenblies, the support menber nmay or rmay not contain
el ectrical conmponents. In enbodi nents where the
support nenber does not 10 have el ectrical conponents,
r a .
exampl%@ﬁaﬂ%%@t‘?&}sgrgdefnl*?lage% dgr??lét&?mg dlgﬁt %Sf%p% en%e gvg\:/'éléx@‘hg %gr this
reason, &f medy @nudeatitgnhd botensof dnadkdceropaation e made frem A teaRsparent

. el ectropor on pu e I n_enbodi ts where
plastic, ge g%ggsr%l th%ﬁlﬁg tL gggn ggnstﬂ‘ﬂ éthe@@ l§ ageﬁn fn f94a an opaque
plastic. COnMponent s necessary to energize the el ectrodes, the

support menber and chanber(s) conprise such
Bohila plasoesgepresent preferied ppamplas of wiid avbstratse g Jannying an
r )
ctectropgRffSn i 31 e GOBREH, SRRRISHIRER dilfofLGahloP g et
As these mateelatsl aaidea:halqmbsfdﬂ dhedr prépapaioanir: alellkanvh guthataripsieh materials
es of the .invention h
may be g1y AR oo PG PR VG PHEY RSB STl the art in
light of ifds §geeifdhtfynl €t i on of the skilled artisan. b. Solid
Substrates. 20 El ectroporation plates according to the
i nvention can be made fromany suitable solid
gubsté t(;Odeg’referred substrates are those that can be

to the desired specifications by nolding
Ereon@:las ea l&nxdédrrorrfaﬂﬂmdrﬁrmg anPauitable wleafricyllpc@fdecm\ednaeml or

combinfiE o S5 BY. ERLETESP RS S it ey TF CEER Fhgmaterial(s)
used fof¥1Q&BASERK] Hocﬂxd(&)?rf Qﬂl@t Wheﬁ%ﬁﬁéle@ﬁb&er is kcﬁn@@ e ﬁﬂﬁ Iple materials
styrene (ABS) pol ystyrene are >_5 particul ar

(e.g., anmlestraqatly domdmpévq reatsnai sugh asrgnl@hla@dybvm@dqcmcatlm n:onductlve
materia Sggﬁ?s wgl&e?nﬁﬁ%e oveﬁ %n eﬁg&nca r}r'%tor(? ucg % tgqug]?stugl% as %ogg?r oh%camer
doped Whth eI élecumravl@ r&bmcamw@mataaal) amalp&;fatﬂed thm aemaadhmtmotshlayer ie.,

y plastics, it will be appreciated that

t he
the layemhagwl&e S¥RYSSH A0 2 FeihsuspenstoBeis DirsrBpatible.nPisfesied bigepmpatible
electroddRdraN Aclh@ Qfl@!ﬁdjﬁtagﬁ?ﬁ r@ﬂcoﬁﬁ@rcﬁﬁé%f)flﬁk{o@sc'maf alo be used
inproved rigidity, heat dissipation, insulation
(e.g., alamymums varglue stamiless @tgq:ls,ezm ), fhdtheir gclgctlonds Iafigo Herdiscretion of the

vant a stics j.s.the ability to use different
skitled ad%? rbgsegr?&q%‘? E?'ﬁwl?‘{gapa '®s of transparency in
Hiettt@les hitd @atiGolicambe ﬁeicﬁﬁéd PRarcidctroporptidi Batd 69 ahdsui@ble
to the invention. For 22 WO 2004/ 050866 )
process pEqY 3PS NCoB1E A boginaaRs, electisynakialiart lated\ps OBIEViSt e
deposﬂ&iﬁo%%jthg @olﬁjoegu%gt}étpgl Aésgmn%)Q%ﬁP el Jtie emxgiln{%ﬂgt Hx? soleJSrubbtrate
reason, 1n ments, the bottom
is macheleé od atc(cpmrehatctrodes;fbratrte or snanapre- -fbmamh veellsr ans par ent
plastic, while portions of the plate that formthe
sides of the wells are made from an opaque plastic. 5
i | evRh@sdies represent preferred exanpl es of solid

substrates for form ng an
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
polvcarbonate 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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el ectroporation plate according to the invention,
ot her enbodi nents enploy ceramcs or netals. As these
wordoensmbe, and techni ques for their preparatipar/Us2083/038470
well known in the art, such materials may be readily
adapted for use in practicing the invention by those . _.
ordinarily skilled in the art in |light of this
El ectrodes. El ectrodes can be

eci fication ..
walls oF i gl woﬁ%dd‘“ftg%ﬁﬁf HHY" Lty as epet fregen ofithe row adjacent to
each welDNCHEGhdnViBolaBd ®fth @lmat@ial sEAMRIAT b%lﬁarh&ﬂ&?m};’%ﬁc -ABS)

i ncl udi ng conposites of such materials
plastic plead typrevidg p gga}e haysgisuffoee Eﬂomlﬁwe&rwd of 1beurfaces (here, the well
side wzﬂrrfﬁ Q)?llq rrsgc!tieg rof %ﬁ%%igz{ﬁg%[g Cotf rtl?edr%@ils t?lf)lgg?r R}atmg metals or other
materlads)w@ﬁ,d as vlectrmlbsaamdaionéumdirsa&ft@ﬂihe welllaveek AYREd, 3Rk plate was
I ectrl cal I conducti ve rial such as nickel

%e
expose§ L ol ondp Bppicdhy PUraceaueRnligatianee @ ibalplatinghof the

electroc%co@%@@lbn or a carrier doped with a electrically
conductive material), it is preferred that at | east

imisglectioneration plpisy three dafferenttipmyers ofjrectalt \het’e s«vqulehtlsz/ deposited as
; (W i oc o
i B0 B AR e ) S PRR L o v

polycarbonate frande)tustngmilatimg t@hnizpss e, walll arffee@ﬁdtéqieﬁi&e%n@ﬁey
al um num vari ous stainless

1 gl sg b% @gd 20. %e. x?
POLYCAIGYE ¥ materialsq gifjally. agelpvely in sopppicfilm efcr nameinal thickness
of abou€ll ® &i@bineiks Ghi)WR platdd drdt& %e@(ﬁS E@Iﬁopﬁgﬂ ﬁl L{gl%Ig leggﬂless

particul ar application. Electrodes an

copper platipgierhnieugsi Qopper dlas chasemor thisicase pcatse 1tbzyihaes/well to ABS and
ment s,

provideS Hhﬁs?tpcln onﬁ’mg égtl%xgéfn F g Ipéz%)é?ggi@e@ E%?rﬁ gﬁ\ﬁﬂs are %Ié’ﬁb’sth‘lclé &ilm of

copper lmmmg 4 iemiag|thidkissbst abatiel /i G0odae (168il) WEAeb&RRd oh @he initjal
nts, the solid substrate ?5 is machi ne

di
copper I€6eréjéglg e(c)g%);ggtfq,gotagggllqusﬁ Brpdates sugh pethesee thiess cppdenleversprovide
the bulkdof clyaamicac)itg @apa@lt)p aAFtér‘iHé #Jgt& \%se%)ﬁﬁ cF d tﬁi'ﬂ‘t}?xa :fglctic?lgqavmg a

hi gh throughput ‘el ectropo I on acco
nommalt thisknesy efaboanl (Oseiewss| C@poslyed loa shebxepperp rl\bdwb ads eddecause of its

I
condu Il S .S 523o% 8L 2 k01 B J B0 ) b
for electﬁdp@ﬂtnlg(gpm &lirhaﬂ)lly PhiAke lay8sofgdldWak pI¥d bR Because of its
The 96 wells were arranged in eight rows and

relative i:%épbfggq% pvam;llgctrxqﬂb( natedusinga Wttt edi¢losapERing techmque The
gold layaqud YSRA0 %&4@% of%&ltsi 0%1 %CVUII\I% éip?rssatg? X u% él fr;]%s%vhe

di rection of
consnderad@rac@nmommal élarkhemlf Ih,e mpperhmﬂlcmn@eﬁh oah tvliry@as much as 50%
BS or polyc onat e/ ABS (PC— ABS)
or more. nl?éles hic n%ﬁs 8ﬁgnetg81 AYSS iWes n}fr% g}tg qqggcp > angrprafeeably varies less

than aboRif $%€ Eldc@8deds&rtr thhdtti®ing itheS;
si de vvaICI S onst he1 ?)'cr)w 1S| (tes S%IBEQ\ﬁgF?lﬂghgﬂn uggr é/i%ltlj()des

such as these degipdpd abnvieamrlerabi haye she qagacietiat we andotahariety of different

electroporation conditions (including 400 volts (V) for 10 milliseconds (msec) using a standard
buffered saline solution), making a particular plate useful for a variety of different
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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5 materials useful as electrodes and conductors. After
the wells were nolded, the plate was exposed to an
wet@hiomgesol ution to prepare the surfaces for PCT/US2003/038470
application (e.g., by plating) of the electrode
conposition. In this electroporation plate, three
different |ayers of netal were sequentially deposited
be usedas test £pRAtdINEbYditiBleRt dlédudBo@tion Esddidhs PO puRpssed BRjuality control,
solid substrate (e.g., wells forned from ABS over a
the elecyrgdesol ycar bonate frame) using plating techniques that
[ I
o R AP R B by ARy i Bk
resistanae nOMl $1 ahmtfbu thk nepsr la@ér 838 ohmifor ﬂuiemiahblriem,%n@rﬁ j ol for the

st 1) BBl SR A Bt kP kg g5 o a

applied €RRERuknt (k.S alf A6QrdpBLALS pulsé) Wil TRIVe fardvizhthd @pP&FSalddfgh it
provi des transition bondi ng between the plastic and

will migatedpto|thg irke! angshen the godd layervaireach ecempie m of 15
FIREEI e e (S fnd Bk M0 e .
polyesttlSJrrpglyelyeme) ops amdmytd the hthbqpm'sonsl of ptatesg susthesiwe cured under
the b f
utraviol] 260 837 Py PRI okt f e ESppET eted o prevem:

well-to 3Rl 1b8@ge. aThdplate bbkéh alayHeChal, thasudat, dr opRfit,tBImay other parts
t hi ckness of about 100 m was dep osited on the copper .

of the pijtesk dt hagdeen Hand it wheyethg platas gre f@&wé%c{ inJemppesssbect hased assays,
white b &n?%‘é %Hi’? dédts l}ﬁ%‘}?%\fegt 1Jf o%u‘?tgf;lg ??fr&%g F%a{ ?éﬁé%ﬁf eg'?(gthe plate,
the platEprﬁérhb{y 1sathén sdaked ahdiyterilizdd. gol d was pI ated on the

ecause of v t he
In anotigy geciiledy p W%@@@Oﬁ@m St gt Ty ranaly %?Céreg?rag?fﬁ@flﬁg
accordlﬁ%fihﬂé W@ntlo-ﬁhﬁn m@&abt% PIfhe8v@-nABRd\GHro hdaddNERRecRically
out e appreci ated, due to cost

conduccw@eqﬁ@daq qomﬁgured Breamto riltimdtely prosidreslaisthaving 96 sysPearranged in
an 8 x l?ﬂagra? Iﬁﬁc theétlseg e{fvgltl (F:]danrt]al OM? Palwaseell%rrogest anc{1\tvFI)reln the
electrode® 61 sodhd cxchil cdlmiek \pe’lerﬁf)éﬁml eyxeng&red étﬁebﬁﬁﬁnt?ﬁoﬁthaélleabﬂui of other

5% El ectrodes useful in practicing the invention,
“@”S“VH%P@ ting multi-layer electrodes such as those

descri bed above, preferably have the capacity for use

under a variety of different electroporation

3. Agppligatipems (i ncl udi ng 400 volts (V) for 10

Bt B R R SL Rl RN e Befh i R o Rt owo
wells th‘dﬁédn@hfx’ eletrapotdtion ertirelee glat @Qﬂfe&hd@@n&ﬂﬂﬁ kehdr@iRed or addressed,

I ndeed, ven that sone or all of the wells can be
multiplg ﬂe@meﬁgﬁﬂ eypergneatssan be pefored dyip sggls glats. . ymilarly, because

R R e T A R e S S T

volumelztectrapatatian ¢hesibed, qakipfivhicl codtaiditfvd er sote electrode sets that can be

| ectroporation,conditions. For 0Ses
indeperd iy U1 Ere s SAMEREirie valyews pf s BRees Pie By giedinbgorated in
a smgleﬁ%ss@? SKlokddRek, BRI RSB p&aliGHpA S duihieaantenNRBA Arle efficiently

tr ac
when used in conjunction with such plates, as it is now possible to energize different regions of a

plate, or different electrode sets of a single chamber, at different times, thereby allowing the
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resi stance of 0.18 ohmfor the copper |ayer, 0.73 ohm
for the nickel layer, and 2.5 ohmfor the 5 gold

wo 2a0080508¢6 el di ng a total resistance of about OpAB6ESD®NIN38470
It is believed that about 75% of an applied electric
current (i.e., an electroporation pulse) will flow
through t he copper, aIthough it will mgrate into the

power Spp 10 siivat PERS B PR O | ey G oo P gh EBHE e be readily
optimizef asth@tom@ntisal pilsd@eleratfrs.pl astic (e.g., polyester or
pol ystyrene) was bonded to the other portions of plate
Aapthgr anplisgnectvle iayendign inyabies intrpdusing axagsneus chergisals such as
re t I
nucleic ?glr(‘irp o1& é};é@tgé—{&?ﬁdor%%%gfﬁg%ﬁe%{ysg%ﬁﬁg aﬁl =r %ﬁ@% ic host cs?_lhsg as
such tecpininues amtc'cmml lutamainﬁtypbse@frexp¢rmﬁst acapdes, and thmaqese Foanample

when Gt 2 sPRK ldmafte 04 THEA BB e AR B B oS o

suitabled®SEdedl, popWatibie biatd OfFpical BNRArSra% (€8, a liBrady jor eHehome of
after a suitable bottom has been af |xed to the plate,

organispHwChy Map SMpSes CHBISES) IF ¥eryfamplead| @ ceomtrinsstheysandsz sgs ofi 5

| f
s AAGHSIA0H W24, 0 REFLSGAGH DO IO B oMby
represeitreaengénenn tharlibirarg id latgen §opodaereelibray thaxebmptmltedi)eﬂbpmséms an

an arra f electrjcall. con ctro
organis iy Ao SERrBE b St PRt PP rION 80 € g Gl do e host
cells m&Ooedbik &nﬂﬁﬁga%eﬁatirﬁlzm@@hlg procdsd, BE hRYityStd "éFba&rhﬁH s@x@&hDNA

well contains at |least a pair of el ectrodes,
librariesyjg dpcalitatedhe el ectrodes of some or all of the mells

.- f
STHLPS: S e RAHRL e i S AE Bl o
into a hd)shl ergangl'n Wrenwgimpnglalgle segmanposfddN Arforpivadle gerinetdnalysis (i.c.,
b grOV|de at ast % . mglls t hat conbgln

using bigfos ] BT OGRSk PO BT AN AP 6 U RS QR GHEdsg chain
reactionPERY] &%eﬁ lcafidl %@ﬁﬁﬁﬁ’dom %5ta§éﬂetsis REg g@xllee ?dlfo%@ btioRhg all

experinents can be perforned in a singlé plate.
potentiabpltgrechfors, specsaveftenciepenslis an thersips-of ¢ initial @msfoajmemm pooh
Again, @g?lté)gﬁgv oﬁ%hgﬁsr}ﬁat uglpkbfg }ﬂaepp\{'gcﬁgs n (1“(2 . Slrnlg‘;hglg xcoaf:l angﬁ%ost
organisraGidredses thevohasice that the ek;&@mﬁemd@llsﬁtc&eﬂh at can be

n%g endentl¥ ene glzef or addresss , I%{ ge vol unes of
feéa 108 4\ SR8 ‘E’Ff‘ﬁa[;?séﬁte EFUrapUIRIN 3B O e IPhthemgpeytigpugposes.

Here, th¥ %ﬁa?e%lof tﬂ@ﬁ@&l\ﬁ%ﬁ car?B‘é &bd RBingbARE %9@%%5@1% tﬁ&eﬂﬂé’ﬁ{avm a
plies can be used more efficiently 30 when usedcin

therapetm@rhemf@tmtowew offa patien, xpﬂrmé@ly iasxivivol formassv @wmld:sloé to
therapeueqc 661 39 r'gg[ecul%? fnc alruggrﬁl?c'll?éc %Hg %)ég:uﬁegt NH?'F'TC éif:lgﬁf:anebe delivered
to effect Jordaled tdeae eleyapal) 1QW|tHEgntrbkﬁlc85n W) 2 PAIMOSARRGr more genes

PCT/ US2003/ 038470 power supply to recharge between

intendecs Qg ULe AdRerapruiic! ben@ﬁte ofblﬁeéwvs b s lareeracalq Jeciroparatipreplates of
the mvefégﬁgéég%bgr\fsg% IR divSHoRBac &8 H}Yx%ﬁﬁéeod?@s P3th Sfher drug classes (e.g.,

small molecule 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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Anot her application of the invention involves

i ntroduci ng exogenous chem cals such as nucleic acid
wodogosises | nt o host organi sns (such as eukar ypeT/0SBENE038470

prokaryotic host cells), as 5 such techniques are

central to many types of experinents, analyses, and

t herapi es. For exanple, when searching for a gene of

i | [ .the ibrary.nust first be .

e ik e AR B o Bbochidin it gen Gentitid tha

impactShaeficant yqf thatrar_ﬁlf#k df eXsg@hdus(rBol8eulesde. ki, REAEY a&igs. T}ﬁ@e factors
suych man, nouse, corn, -etc.) is

. none.af ~orgapi s s
mCllld%%F%}rl%aé?‘lﬁ‘d e?g‘tgepu, SCESFIAI RS Pulss shapsdrsactioariempgrature, cell type,
suspenbidR YEAEASmpSiti BRIAd thef oRE S SENES) indidi

i ndependent cl ones needed tolconplé?éﬁ?ﬁf%gggié%ék$ﬁgnune
than ORESPELIgHR AEexogerqys mqleguls, 9.8, 8 nluglp'gei_cid'l'rpoleuéatt@ batrhnslrady Given

t . or i S enone, faor .
o o AL NS B L AR ekt
researchpnhd corhmetvod settiogd it 5 oftay ihgenetol defthé Edi@itidRY that wilzjresult in high

. A Eie hi he abili
effcie g ialibrgline féshed FRESURS (s acreromeipe nueleiior @) ito anarticular
host cetitliner TRXPEptMBAticH walng 'pr@ﬁalﬁ“i@inlc}eg;ihg fhele éﬁﬂlgrre]%idllxéiﬁi}/ity of

to introduce DNA 15 into a host organism
electropqrafiinig biomejecudasgivdiess of DNA for whol e genone

j ' . [ bacteri al artijfi.cial : .
?ﬁ g}r?gllsl,% 0 tgxau’eza%né %ﬁ 5@??%%%“88 SYSYR Ioﬁgxe d%‘feﬁﬁorf Wil typically further
compriginyapeinBzeion kainputer &iaptel MoftMGR) ele@Fopshfidn 688 ditdR %l or in
. _randa tagenesis of a gene, followed by cloning al
Conluni%’f’ é’ﬂ{g ofperg Pf’éf"é‘alt‘flGP%EIO@U%%@CW@WI%Q@Q sterednn theanemory.
Becausé h BRthQhrobi 6 uk Bliebik ik . H9 2o i
_ devglopingﬁéondﬁfﬁ%ﬁﬁmﬁﬁﬁ%g%%gﬁg@goPﬁghg?g§g§%mg?msaphndny
of indepepdensiyiadilisssaplechaisca ploradity ofrelastrapdratidn EPetmests taibe performed.

i . h ' i) d.
Here ah RGBT Py HRAP O ol PuB R pBF e ot used

to enerdize the elelctfales iegiapewtll QrofdfabRs &Sveral WRNY, ThiE aPLALIRS oPf
the invention can be used to i ntroduce exogenous

differeny SiFCHAPOEALIOR SYPSRENSALS Gan F apréarmied openitala plaiat dnelebis of
resultin@ gﬁ@%haﬁﬂ@s’el&ﬁbﬁérﬁﬁ%ﬂc}nﬁitﬂoﬂs ng)é meveglglfg?zﬁ]%}a a%aemeﬁ%%gg# (St%er

. of therapeutic exogenous I"écu
conditiqgg, e2. rvifEs ek sondenizat@incetad iods apaimibe fded pargadsr 28 lih@or cell

fect. so-called. "gene ther “, i,e., the
populat{%ﬁt r%? mizatign is, m?fsragﬁ/ﬁg{tfogmda lgs}/ngos}pélsgqal mgﬂpd@ aibiechniques such
as multi-vatigrdasly$io spihadspiina clbespARLIdh cbn AR (bL at least energizin
Alternatjvely, the |l arge-scal e el ectroporation pf L OS
parametggs for; the Sivaly Bpitt icelh buffer. Brd exoaenoun metecale) vane decrmited:t o
i ntroduce drugs fromother drug classes (e.g., snmal
nol ecul e pharmaceuticals, therapeutic proteins, etc.)
into cells of. After treathent,*the cells nmay then be
introduced into a patient. Oten, the cells will be
reintroduced into the patient from 30 whomthey were

AR pRYRS an@ﬁaté@@aﬁ&%(i&@?@\ﬁﬁicﬁgﬁé,%%g{i)ﬁé 8%@1%2,%!& GFher referenced
. devel opi ng and refining el ectroporation net'hodol ogy,

materialg gepdensd imihds spseificatiharare indisaltiverndfithe levels of skill of those skilled in the

art to which the invention pertains, and each of 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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i npact the efficiency of the transfer of exogenous
nol ecul es, e.g., nucleic acids. These factors include
web@ansise@l field strength, pul se decay tine, pCl/E82003/038470
shape, reaction tenperature, cell type, suspension
buf fer conposition, and the concentration and size of
t he species (including nore 5 than one species) of
and inf8XRARA bt AR KEMbent® a&i atéht %&Qicﬁh&nsaﬁdb@lcm& Ciileh 1ﬁ% Brticles
be transferred ven  the nuber of paraneters t th ’
electropigaily avpilahie domtagions and @ih@n eferericed magdradst araloouratriton

SRSl RIS S0 STPRIE s RPbbd Pt

are repteserhatiyl of ﬁfe\‘f&rﬁﬁd&ﬁtﬁ:}odtrﬁ@mrar@éxehipﬁrﬁw iR AntBR e @ lifStations
h %e.? reconbi na clelc aci ds) |nt$ a gartlcular
on the 3£aR¢E OfthF MVERLRD. E"s" ISP F‘SrPF%téetaPS FMRPEimepEs winseurap those
skilled irOthe R& LB LotBideRRioH SE 1A e iBRARH YR Qifel e'nEam ssednglthm the spirit of
el ectroporation in bionolecul ar studies. perfor
the invesion s defined by thhscepeet the ploines |Ibmlslgcsxteedﬂyoefppalt¢et to one skxlled in
the art ihgf’ﬁsélhggtllﬁgﬁ ul(tzxg}rx% ﬁ{dgrrﬁ&gﬁ%afn;dﬁ%m y be &?ﬂgg {o tﬁe inYention disclosed
herein with@n eyt et fr«im tleosedpd auralr@mtaf thaénvahtibm Tl@@xﬂjv&tﬂfbhhl%tranvely
ot her, .exp |nental dltlons usi. ng

describg E?F‘Péb’éarbéﬁf 6K bg RraRticaidh & 40renen et FRBHRlRHent opelemenis o8

limitatibh 8Plim ARG NPMER BIRE Me@i?i@ﬁlﬁl i Todel ﬁ&%lr{a&?’s)é’eqh%g Alfb tiGerms
invention conprises a plural ity 15 of epende

“compriiit ’e‘éé%lbqhég’\’mé‘ccmam@}gplem alleito e reiad ekmwolw@ndtwltimut limitation.

e 66,9 &¢ k2l
T AR PR ————
“the” irshide q)furzﬁl’neﬁe@lnze ngegsaliadoatert SleatBadictaied odBRlig. € t he
&gectrod in a giyven well (preferably, severa
fiegysa resgom thathave pee(gfempéqyiefi aredised as terms of description and
t of IRRiBRIbA, %Q'ﬂ?etré RoSHREL ih NS of
oo S|1ng e plate. Ar?al ysSi 1s of t ﬁegmh %?ﬁ%giﬂg@ﬁgﬁgtoa xIClllde any
now-existing orlotsodevaleped cquistalentof she(featares stidven zmdeieyrlbem gr portions
aueLers. er i tions fe I

thereof, (F?Donc Ay recogn zgrﬁl(#ha %rlcjus%odgfgcagg sats E%sa%} g\wtlan gkgrstcpmféine
inventichedslcldied® ThusCielill be ofder2dddaRat afdRdughitRApre @Rt in%ention has been

referablg perforned usi ng statistical nethods and

y

specificplby flisleigd Oy Prriprredambadiments and optienal featyres, nosification and/or
variatioR BF {HERlsc RL&FLIEARAL ﬂxta? g8 Feg?r@ﬁtg 'bg B st 91%118%{ in c@??‘?’ and that such

~_energizing paraneters i ven
modifichtigrisend varatioaxarg mimixsthemcto@e of 8 icentibleasddimedi ned. 25

|. paten tent. applications, . publications

£hs R ER oo R PR DO B8y naf breneu idan. Baanai g narrower
species BRN§ubR&RE c igfoupltigs FARGBLWIthie A %@Hexﬁf disdl@s@k&é&d %‘?m%farttohﬁle

| evel s of skill of those skil in the art to which
inventiqnp d hisipendasche wtuafimnptmd)f@mnvmnom@m prgwbﬁemetygatlve
imitardy YeHoP R 3hE oy AR EL A e ol g B P B S sl excised
material iESpeBl‘f’[caHy‘:‘te)tlttmhhrvihdual ly. Applicants reser ve the

i.ght to . physically incorporate into th
éﬁgEF‘PP@é‘PF‘E}ﬁ agyithip he fpllovige elajmy. dn aécbtlv'e vdwoufanrs 66

aspects bIhe HRRAGH 43 gé]sngec@ﬂ%r'nﬂ dng’ c{)l.{pg’ 'Hl@{el)ékﬁllé& h the art will

patents and patent appl |cat|on
recognigrcthatth ventmmtis alsethereby described in terms of any 1nd1v1dual member or

subgroup of members of the Markush group.
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el ectronically avail able information, and ot her
referenced materials or docunents. The specific
webmansmspor ati on pl ates, systens, and net hods PlEeBUS100838470
in this specification are representative of preferred
enbodi nents and are exenplary and not intended as
limtations 5 on the scope of the invention. O her
obj.ects, aspects, and enbodi ments will occur to those
What isqi3ime@i: i n t he art upon consi deration of this
speci fication and are enconpassed within the spirit of
the invention as defined by the scope of the clains.
1. ewctrbpdwiqneziaiblwnmpmgent to one ski lled in the art
t hat ,va tutions an atlo

o rdP VB RS aRT b SRy RS Rsbistin AR RLOPArte wherein

depach dle@robbativh hell se:apesed adiessdwé tle@fopoRioh @}é@ﬁéde@ Risposed
The i nventi aon |IIustrat|veI% 10 descri bed her ei

suithABPyAndaNeran Hiest tepstdwoielsc proratippsirelogdgs laﬁyleast two of the
el Q{@P@Earpﬁe ﬁh@ﬂ@ﬁ@éﬁl’y efl rgxﬂeti mpyation or limtations,
whi I's not specifically di scl osed herein as
b. es slmtrlcal conpéations foneonnerimg the eleatporiositiog electrodes|toigh ergtgy
contalnlng , etc. are to be read expansively and
tRYGE Iinmitation. 1t nust be noted that as used
hereln and in the appended clains, the singular forns
"a", "an", and "the" include plural reference unless

2. pneleesprasiondlaarsopriing oflaim Ighpiciopnsises abgutthd 2¢ 24 g 192,
288, 38@%6% 8‘7525'195165 3b'7@tor8m/@e1@&sgo§npt@md are used as
rms of escrlptlon and Iimtation, and there
|s no intent in the use of such terms and expreSS|ons

0 _excl ude. an Xi st r-devel o
s ARG Rl AP RA Pl e S e PP BB Ty pells ae of
substan@4iylun@Bn din@sead., but |t i's recognized that vari ous

nodi fications are possible within the scope of the
invention as claimed. Thus, it will be understood that

R R ERE Ol NSO AS DB oo v

substantigdlyiettherl cyfimdrtcal @sectanglidri cati on and/ or vari ati on of
the di sclosed el enents nmay be resorted to by those
skilled in the art, and that such nodifications and

5. xaabat éﬂfb‘hoﬂbﬁité/\éc‘é@ﬂdﬁlgttb Qlabh QREheRfin ERB cledMERIrAtRIR W&l has a
cl ai me The invention has been described broadly and

volume chsiveaen ebouty ubeandiahoutg@arl-of the narrower species and
subgeneric groupings falling wwthin the generic
di scl osure also formpart of the 25 invention. This
6. An elleudfpsrauibe pgmmbxdirxges claimptl ivdferedi the leR:ciroptidnone]bitiale a
a.pro s limtation renoving any subject
Vdumeﬁﬁﬁp@ BhﬁPHb ﬁéﬂ regar dl ess of whether or not
t he ex0|sed naterlal is specifically recited herein.
O her enbodinents are within the following clains. In
7. Aul die¢traparatinh plage dogardingds cim 1agpesn theslectrbporatimnent!lsdave a
a d ns of Markush groups, those
vmumegiﬁpngnﬂﬁofﬁgngp 30 recogni ze that the
invention is also thereby described in terns of any

i ndi vi dual , menber or_ subgroup of nmenbers of the
8. Mglﬁggqpo&n@g B!atezg;cordmg to claim 1 wherein one of the electroporation

electrodes in an electroporation well is disposed opposite of the other electroporation electrode.
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WD 2004/ 050866 PCT/ US2003/ 038470 What is clained is:
1. An electroporation plate, conprising: a. a
w@bemakissey of energi zabl e el ectroporati on wel | BCHUSBY®WBS470
in a solid substrate, wherein 5 each el ectroporation
wel | conprises at |east two el ectroporation el ectrodes
di sposed therein, and wherein the at |east two
el ectroporation electrodes in at |east two of the
wel I's can be independently energized; and b. .
9.  dhneddctipperhtiropinte @c¢ondisg foelaigo hméereingch plectroporation well

8L Lo SLecidgfegyl 0 an energy - source. 10 2.
plate according to claim1 that

.electr
Compn%ﬁagkgﬁgro ofati1on
conprises about 2, 12, 24, 96, 192, 288, 384, 576,
768, 672, 1536, 3072, or 6144 el ectroporation wells.
10, An elgetrapUaPropiaie 4£506Hn g Foa¢laim zivs?ramge glgcteqreratioy electrodes of an
electroﬁ@i’%fo%'\%ll_t 48 irﬁég%t&d HRoRkIRAaMel I's are of 15
substantial Iy "uni form di nensions. 4. An
el ectroporation plate according to claiml wherein the
H B Raa e &gl Cra i bRbeRIG A ek BElon ey amranged
in a plupdliy ef @osandicslgmhe cl ai m | wherein each
el ectroporation well has a volune between about 1 uL
and about 10 nL. 6. An electroporation plate according
12, W9 eidcabRriiMRh@ B ddifg &) Q& PPRE&E IR M HoPoRBYReRetrodes in
vol ume of about | uL to about | nL. 25 7. An
the elecgrioporatiopweldt dfarroplant epesabdpeatinaged sp asl taibersimulianecasly energized.
el ectroporation wells have a volune of about 1 nL to
about 10 nL. 8. An electroporation plate according to
13. @haldturbporhedieplite af@rdihg tddaigl ECWia@anad dpefabBOconnected
el ectrodes in an electroporation well is disposed.
electropgaiiogjclesirpdestin e slasEPPURIERY WSO 40§ W eandwetepeigized inggpendently

of the eiﬁ?ﬁg@é&%o@ﬁa@&%dg éfe’é@ﬁﬂ%&ﬁ%&ﬁg in &hff%ws of the electroporation

roporation plate according to claim1 where
plate. each el ectroporation well conprises at |east one
sidewall and a bottomwall. 5 10. An el ectroporation

pl ate according to claim9 wherein the el ectroporation

14. gh%@écfrﬁ&ﬁﬁtjcgi‘pmls lacdzslrcﬁﬁg foapamal3 Wikerde e ddcropsta@ dé@fddes in
Into the sidewall.
each row are energized independently of the electroporation electrodes in other rows of the

electroporation plate.

15.  An electroporation plate according to claim 1 wherein the electrodes in each well

comprise a plurality of electrodes that are each individually energizable.

16.  An electroporation plate according to claim 15 wherein said plurality of electrodes

comprises between 2 and 12 pairs of electrodes.

17.  An electroporation plate according to claim 16 wherein the electrodes of each pair of

electrodes comprise a cathode and an anode positioned in said well opposite to one another.
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11. An electroporation plate according to claim!|
wherein the electroporation wells arranged in a
w@bemabissey of rows and columms. 10 12. An PCT/US2003/038470
el ectroporation plate according to claim 11l wherein
the el ectroporation electrodes in the electroporation
wells of a row are operably connected so as to be
18.  AnRldctrape et plate Aedogdide b claii3l 7 Wherin @€ lea R@H alljacdmt pairs of
| at e accordj ngi to claim12 wherein the operably
electrodep AisSaeIgized SIpfliBReUSY SF 4P ESAU et r odes i n the
el ectroporation wells of one row can be energized
i ndependently of the electroporation electrodes in
19.  Ahebriropoatiin mate wedording 10 dailvelr wheras thé eletteoporation electrodes in

el ectroporation late, 14. . el ectroporation plate
each el%?f%?%‘i“ﬁbwalj)argIl%‘?eﬁf"f%n%g}e&'%%e el ect roporati on
el ectrodes in 20 each row are energi zed i ndependently

of the electroporation electrodes in other rows of the
20.  Apskcrepmrtan Rige prerding tpsclaimn! wheretthpmrigtinlrenpiriging the solid
bstra@ FCRI el Frdnf tHe ! RSP d PldshE i ACiHQd Rt N each
Su Stra\/veﬁ‘:ﬁ% ceorrg%n?se gg‘l"g% Sngflﬁ{gy fal efecttrbzg{es ?dana{t are each
i ndi vidually energi zable. 25 16. An el ectroporation

21 BrdlefrBRedi s RobuTe R g Sk G5 aptile s Yalparent.

el ectrodes. 17. An electroporation plate according to
claim 16 wherein the el ectrodes of each pair of A 30
22, Apgkrrerfsaliignpe pecordng irghiel wherenihaspbdsupiwatetis garsipcent.
in said well opposite to one another. 30 WO
2004/ 050866 PCT/ US2003/038470 18. An el ectroporation
23.  phateetremeatiohi phge bacoading tonclaimviheherein tixt sdlid asbstiatens opaque.
adj acent pairs of electrodes are energized
simul taneously as an el ectrode set. 19. An
24.  RheRrbireRatahni fiie M@t 2OCRif INGhdrinhedd|E8trbpi¥agsLEIBctEJABS are
) el ectroporation electrodes in 5 each el ectroporation
integratgiein| thgysadid sybieistndent | y ener gi zabl e. 20. An
el ectroporation plate according to claim1 wherein the
material conprising the solid substrate is selected
25. AneRxtrh@rgiodipbate arrotdiig togladh 1phigstinche dl@t@poraéierdelectrodes are
.ceramc, 10 El. @n gl ectroporation plate according to
deposited agygguifags e tae spAFUbLI3IG  substrate is transparent .
22. An el ectroporation plate according to claim!|
wherein the solid substrate is translucent. 23. An
26.  Aheletiregpoatonipaie picatdingto stinilngharon thealentropovaeensslecttodes are

depositesdet!yI v%pgru e%gsriﬁ(t)rs I s opaque. 15

27.  Anelectroporation plate according to claim 26 wherein the electroporation electrodes
comprise an electrically conductive material or a combination of electrically conductive

materials.

28.  Anelectroporation plate according to claim 26 wherein the electrical connection

comprises pins and sockets.
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24. An el ectroporation plate according to claim1

wherein the el ectroporation electrodes are integrated
w0 poothososs®l i d substrate. 25. An el ectroporati oPCPUS1083/038470

according to claiml wherein the el ectroporation

el ectrodes are 20 deposited on a surface of the solid

substrate. 26. An electroporation plate according to

e e A R
compris® #ChAQRAE eRBtriphldbRtaEOEadh PEir bOeledtedpatation eleetraden that is
the el ectroporation electrodes conprise an
independgnglyep¢rgigefly conductive material or a conbination of
el ectrically conductive nmaterials. 28. An
el ectroporation plate according to claim 26 wherein
30. Ameleat@otaticoaysteoyevegtrismg: 30 conprises pins and
socke]}eS. 31 V\D% 04/ 05 866 CFcllTllLJSZGOOS/ 038470 29. An
& o BLEFYRRPRYDR 38? AU di g’ &6 cl ai m 26 wherein
b. the peveciupbialdapied fie ebiRBtiorcoN ¢ls@icaRonmed@pefitient
el ectrical contact for each pair of electroporation
el eleetreposationpigte s i ndependent |y energi zed. 5 30. An
el ectroporati on system conprising: a. an
el ectroporation plate according to claiml; and b. a
31. Aovectroopglion sssteptaechriiog tcdainedl fusthert eompmisinglacdate hayuller

connector of the .electrpporation plate., 10 31.. An
configuig &g poit i s ooy Sh BireHEDE AP TP b S reREO ot Fistem.
conprising a plate handler configured to hold the
el ectroporation plate during operation of the
32.  Anelectrenostionisyicrpeeasding toagdaimad) firter GosRGiEREadte [Fe e m
according to claim 30 further conprising a plate
reader. 15 33. An el ectroporation systemaccording to
33.  A&halcor@dratharsgitemtaberdingtoeclzigntfewhersioshaplateaetidaguses a reading

el ement. selected fromth roup consisting of a
clementEHER GOT 8 SFVBEUTICUNE AL & HBCR POBRBT SREE L PagiPhgjometer, and
a lumindHAd0 BHILE elk@rdpoldtis Hatd b§ ekdRinfigahd Ehtéhdd 6f dd¥ or more of the

exam ning the contents of one or nore of the

electropetagion wePoebiht slecgsioraioplatthe el ect roporation plate. 20
34. An el ectroporation systemaccording to claim 32
wherein the plate reader is integrated into the plate

34,  has@t@spordfon shsedlaerirdiag ar diitol? shatianhaateretidags irdegrated

) claim 30 wherein the plate handler is a robotic plate
into the platepapgdler.

35.  An electroporation system according to claim 30 wherein the plate handler is a robotic

plate handler.

36.  An electroporation system according to claim 35 further comprising a plate storage
facility for storing electroporation plates during the course or following completion of an

electroporation experiment.

37.  An electroporation system according to claim 36 wherein the plate storage facility is an

incubator configured to hold a plurality of electroporation plates.
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25 36. An el ectroporation system according to claim 35
further conprising a plate storage facility for
W@ t@riomgee! ect roporati on plates during the couPGEUSZ003/038470
foll owi ng conpletion of an electroporation
experinment. 30 37. An electroporation system according
to claim 36 wherein the plate storage facility is an
i ncubat or configured to hold a plurality of
el ectroporation plates. 32 WD 2004/ 050866
38.  RGEIIS3PHIBIdIBR4tEth ac88rdingno elabn BB dyrdreatomprisysi éam storage device
cor to.claim33 further conprising a data
to Storege@rcag%ct%dew the Platgreaddr e data col l ected by the plate
reader. 5 39. An electroporation systemaccording to
claim 38 further conprising an_optimzation conputer
39. Adapredparatioptysiehzascaidagtte eleun a8 fgher eordprisingan dntigrivation
computﬁ%@%@%g o&;ﬁfr{u%‘ ggt? o?%lﬁﬁ gg%dlg%r}os@m QiF Lﬂ\ératﬁ%g dafg‘ stored in the
memorpnost cell, conprising 10 using el ectroporation to
i ntroduce the exogenous nolecule into the host cell in
a suspension contained in an el ectroporation well of
40. AM&h&FSS IARSNRIALM é%b?érﬁu@ﬁx@l&&&ib Mo ta%s?tl RilNohpridthg A
met hod according to claim40 wherein the exo?enous
using ehm@@mt@mt@lr&mﬁmﬂ B¢ exqeeneiis md@UhﬂZlntOAhﬁb@% odl alca:swnﬁnﬁlgn
e t he
contam&? muan% %})rﬁf@or&’{]ﬂ \%lﬁ]{gl‘ e!}x I&QI%E?I‘%SJ) %]f‘% a‘%&%ﬁ%tg? fg? ?/10 tic
ceII 43 A nethod accordlng to claim42 mhereln t he
host . c [ karyotic .c sel ected from the
4. Gripeipo %Pﬁ%‘idélig ‘ﬁgfﬂ’é‘P %m‘&rﬁlﬁ&e c¥RgqnoUPoleCHF i nyciiq acid.
20 44. A nethod according to claim43 wherein the
eukaryotic cell is an aninmal cell selected fromthe
42. @rm@tbocbmgndmg tnglamm 4Qrwh¢amrﬁrleuha$t ceBlid selestedifrosete gomipl |
con51st1 feuk I 1 tellaan(f[ 1 g { eﬂ ar achni d cel l a nol | USk
gep gﬁ'g 8 cr Ustukg zﬁy%glcl 25 45. A method accor di ng
to claimd44 mhereln t he eukaryotic cell is a manmmali an
cell froma sel ected from¢the group conS|st|ng:1{r0
m

43. Hrmaserd %eordtraerfp ﬁ@lm dquhsesin the hpgeell i i gukaryoli rellselegied
the gro%ﬁélﬁﬁlga&'a%hﬁnal 28] arfd d&‘ﬂ%ﬁ%@n according to claim 43

reinthe eukaryotic ce Is a cell froma manmal i an
30 cell line. 33

44. A method according to claim 43 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.
45. A method according to claim 44 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.

46. A method according to claim 43 wherein the eukaryotic cell is a cell from a mammalian

cell line.
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WD 2004/ 050866 PCT/ US2003/038470 47. A nethod

according to claim43 wherein the eukaryotic cell is a
w@bk@absmses | from a nonocotyl edonous pl ant or BCT/US2003/038470

di cotyl edonous plant. 5 34

47. A method according to claim 43 wherein the eukaryotic cell is a plant cell from a

monocotyledonous plant or a dicotyledonous plant.



