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ELONGATED HOLLOW MEMBER FI ELD OF THE | NVENTI ON The

present invention relates to an el ectroporation

apparatus having an el ongated holl ow nenber and an

el ectroporati ng net hod, whereby an electric pulse or

el ectric pulses are applied to a specinen including

cells, and cell nenbranes are electrically perforated

to thereby enable to introduce a foreign materi al

into the cell. Descrigii Prior Art In

general, an el ect ropoﬁ§$%ﬁ%£ﬁgﬁki nd of technique for

i ntroducing mnacronolecules into cells by electric

pul ses whi ch cannot penetrate cell nenbrane. The

el ectroporation is a wdely used and strongly
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experiment and gene therapy. If a high electric field
HOLL.OWMEVIBER | nenbranes tenporarily becone porous

to show perneability to foreign materials. The said

el ectroperneabili zati on depends on various factors

such as pulse width, pulse duration, nunber of pul ses

and ot her experinental conditions. Many researchers
FIERLY © IhdH B ANMENIAONIs studies relative to the

above-nentioned paraneters in order to understand the

nmechani sm of the el ectroporation and to -2- pronote

the effect of transfection. Intensity of electric
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perneating the nmenbrane and controlling the scope of
elongetdd boldkawvwhnembet madsari skicaoporatimpsmefod; oui@eby an electric

studi es on ot her paraneters have progressed as well.
pulspiogkewégctric i pulses ake lapplied dboat speheneresponding aelgl knd cell

relative to
membranes are electrically perforated to thereby enable to introduce a foreign

material into the cell.

Description of the Prior Art

In general, an electroporation is a kind of technique for introducing
macromolecules into cells by electric pulses which cannot penetrate cell
membrane. The electroporation is a widely used and strongly recommended
method directly appliable to cell experiment and gene therapy. If a high electric
field is applied, cell membranes temporarily become porous to show permeability

to foreign materials.

The said electropermeabilization depends on various factors such as pulse width,
pulse duration, number of pulses and other experimental conditions. Many
researchers have performed various studies relative to the above-mentioned

parameters in order to understand the mechanism of the electroporation and to




the electric pulse and nmechani sm of transfection. Due
to scanty and poor theory on the el ectroporation,
vi sual i zation of the electroporation has surfaced as
one of the inportant matters. Referring to FIG 1, in
order to apply an electrigcofield to conpound of cel
suspensi on and gene, a cuvette equipped with two
parall el electrode plates (200) is usually used. If a
high electric field is applied to the el ectrode
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the cell. Alum num el ectrodes for disposable cuvette
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cell ardal wherearamsmikdon ecters. Bfraonerersiuglies en afhatipatameters have
el ectrodes are used, the intensity of electrice field
progressed as yvallidlowe o fittlenisdinestn aoutshe ﬁwonﬁf‘eﬁ%éhfelaﬂve to
oxi de |l ayers _on the, el ectrodes,. ThBrefore it kﬁ heor
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el ectrodes, of these nmaterials as el ectrodes of
the’&’&%%a(rgl S[Eeb%sed after one or fewtimes of use. FIG 2
is a photograph of a square wave el ectroporation
apparatus (ECM 830, BTX, USA) as shown for a
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il lustrat el ectroporation dpparatus has the
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expensi ve because of t'he alum num bl ocks used as

is uglgiBt useder a fiiph eraswitabdldienpplidd &l thetalepordat plates(200), it is
apparatuses therefore recomrend that cuvette be used
possibleeto haveelvee 2 gemy inteeths @inddoiminenpelectredes for disposable
repeatedly several times, so there is a high
cuvetts sichisetlt y of occurrences of experinmental errors.
Secondl y, because the electrode material (Al) is
reactive in solution, and the overpotential relative
to hydrogen generation is_ |low, the said ] ] .
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use:g,f Ih%cgntgl?sity of electrice field can vary due to drop in electric voltage
between oxide layers on the electrodes. Therefore, it is preferred to use platinum
or gold electrodes. However, electrodes of these materials are very expensive so
that it is difficult in reality to use electrodes of these materials as electrodes of
cuvette disposed after one or few times of use. FIG.2 is a photograph of a square
wave electroporation apparatus (ECM 830, BTX, USA) as shown for a

conventional electroporation apparatus.

However, this illustrated electroporation apparatus has the following
disadvantages. First of all, cuvette is too expensive because of the aluminum

blocks used as electrodes. The manufacturers of electroporation apparatuses



the cells. Fourthly, surface resistance is markedly
i ncreased due to generated oxide |ayer (A1203).
Fifthly, the electric field is not even. This is
because a large quantity of current flows through
corners of the electrodes,- §hereby creating a
distortion to the electric field. Sixthly, the
speci men becomnes vol um nous, which nakes it
i nappropriate for a small quantity of cells to be
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speéci men stuffed in the specl men-stu ng ne
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that is harmful to cells. The needs have arisen to develop a new electroporation

apparatus to address these disadvantages.

In order to address the above-mentioned disadvantages, inventors of the
present invention have used an electroporation apparatus having an elongated
hollow specimen-stuffing member of non-conductive material, wherein both
distal ends of the specimen-stuffing member is applied with electric pulse so that
an electricity can flow through a specimen stuffed in the specimen-stuffing
member. The inventors have used this eletroporator and carried out the
electroporation, and have compared a biological result thereof with the

conventional electroporation method for completion of the invention.




Techni cal Solution The present invention relates to an
el ectroporating nethod for introducing foreign
materials into cells by applying an electric field to
a specinen to thereby enable to electroporate cel
menbranes. More particul arlyy, the present invention
relates to an el ectroporating nethod, an
el ectroporati on apparatus, and an el ectroporation
system wherein an el ongated hol | ow speci nen-stuffing
DetdiR@Sscriptiotosf dnbivenitioa material in which the
el ectroporation is carried out is used, and an
el ectric pulse is applied through el ectrodes from both
di stal ends thereof so that the el ectroporation can
Teclmicel fwdgjecvel y i npl enented within the speci men-
stuffing nmenber. In a preferred enbodi nent of the
present invention, an electroporation apparatus is
rovi ded, conprising holl ow speci nen-stuffin nber, .
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connected to one,distal end of .t speci.nen- stuffing
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to the present invention is constructed in such a
manner that a distal end of the specinen-stuffing
TechBIHAEKoRtEh he pressure maintai ni ng neans may be
connected directly or via a connector (for exanple, T-
shaped connector or Y-shaped connector). If the
pressure mai ntai ning neans is connected to the _
s peEharpresetiuibiemjon ndatoe to ei aleatioparasimgonethoddor introducing
connector is laterally disposed with an el ectrode
foreigrsmatdrands Unbteetlobyi anpdyingrig elpctsicdeeld da @ spspunemto thereby
el ectrode inserted into electrode .insertion unit , :
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electroporation system, wherein an elongated hollow specimen-stuffing membet

us, and an

of non-conductive material in which the electroporation is carried out is used,
and an electric pulse is applied through electrodes from both distal ends thereof
so that the electroporation can be effectively implemented within the specimen-

stuffing member.

In a preferred embodiment of the present invention, an electroporation
apparatus is provided, comprising hollow specimen-stuffing member, a reservoir
and a pressure maintaining means connected to one distal end of the specimen-
stuffing member to fluidly communicate with the distal end and to provide an
appropriate pressure for maintaining the specimen in the specimen-stuffing

member so that the specimen-stuffing member is supplied with a specimen. The



apparatus according to the present invention may be a
punp, a syringe or a pipette. In inplenenting the
el ectroporati on using the el ectroporation apparatus
according to the present invention, the specinen
including cells is first stauffed into the
speci nen-stuffing nmenber by using the pressure
mai ntai ni ng means. Electrolytic solution is infused
into a reservoir where an el ectrode has been
electroperation, agrda@s dicsbalingne dfe phsemoldvewtion is constructed in
speci nen-stuffing nmenber of the electroporation
suchap prnaeu that 8 distabemhef thedspesinen-alulffing hivenisdresidrihk yréssure
solution of the reservoir to be fluidly conmmuni cat ed.
maipfairdagingass mahberemactasd gueely dsviapptinsdctor ¢fartexample, T-
el ectrode at the reservoir and the el ectrode inserted
shaped@nNREoE 6 Yethaned CONREFeBY enabling to el ectroporate
cells out of specinen stuffed in the specinen-
stuffing nmenber. In another preferred enbodi ment of
thel'fﬁbesent i nvention, the electroporation apparatus
i nc
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electroporation apparatus is so connected as to allow the electrolytic solution of
the reservoir to be fluidly communicated. In addition, an electric pulse is applied
to the electrode at the reservoir and the electrode inserted into the connector,
thereby enabling to electroporate cells out of specimen stuffed in the specimen-

stuffing member.

In another preferred embodiment of the present invention, the
electroporation apparatus including a hollow specimen-stuffing member, a
reservoir, a reservoir holder and a pressure maintaining means according to the
present invention is constructed in such a manner that the pressure maintaining

means is a pipette; the pipette is disposed at a body thereof with a conductive




menber, the specimen contacts the novabl e el ectrode

and is electrically connected to the conductive

contact of a pipette body. In the preferred

enbodi nent, the other electrode is disposed at a fl oor

surface of the reservoir -where the el ectrode contacts

the stored electrolytic solution or the specinen and

is attached and detached to a cylinder-shaped

reservoir holder inner pipe. A reservoir holder is
confits pesled nidabioslesirblie tispongd unides tHeospdeinemgtidfing member

plpette and a reservoir and an el ectrode term na
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reservoir. The reservoir holder is so constructed as
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constructed in an integral form As nentioned earl
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of the reservoir. The reservoir holder is so constructed as to be separated as a

body and a lid, or may be constructed in an integral form.

As mentioned earlier, the present invention provides an electroporation

system comprising an electroporation apparatus and an electric pulse generator.

In the electroporation system according to the present invention, if an
electric pulse is applied to one electrode contacting electrolytic solution or a
specimen stored in a reservoir and the other electrode inserted into a connector or
cooperating with a piston, cells contained in a specimen stuffed in a specimen-

stuffing member can be electroporated.



Preferably, the el ectroporating nmethod according to

the present invention conprises the steps of:

stuffing an interior of a specinmen-stuffing nmenber

with a specinmen using a pressure maintaini ng neans,

capillary action or water -hpad pressure; connecting

both distal ends of the specinen-stuffing nenber of

the electroporating device to specinens or

el ectrolytic solution stored in reservoirs via fluid

confrurtheahonee thrnndigw agpbcimsestiffigg eheatbepdgscording to the

each reservoir and applying an electric pulse to the
presans dnvendiosl eant bedesvided ehedtanopbstan@usel A shanntlhis integrally

speci men stuffed in the specinmen-stuffing nenber. If
proyilsdshe epuling sippeio asddpwer plates,swheesiehosl distat eads of the

reservoir contajning the specingn should be repl aced )
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Cyclicol efin Copolyne styrene

in titotespbitnenel£R theﬁ&@%%ﬁ? ah cIef &PRiBRitd the channel.
El ast oner (TPC), Polyi'm de, Polypropylene, Silicon,

dass, Quartz or the like is used as nmaterial for the
speci men-stuffing nmenber and the reservoir but it is
not Préfarabéd thieteetroporatingt inethmolr azcotding éb dod prgsentainivagtion
devi ce having a sgeci men-stuffing nmenber of mcro _
comghitpen shs stenuef: mighasdindemotbel @ spddimen stefingt mdmbiet With a
ot her systens for mxture, filteri nﬂ pol yner ase
SPeQIfifitn UPIAECR iNGesSHFe eainialning wpaes rsphiEsicionThe water head
exenplary plastic materials _have an excellent nmerjt a
pressuiear foleckig borhdiftal iy %ég? rﬁeﬁc@ﬁmtpﬁgngré%abelaﬁé the
reservoir.. B si ng .t hose terials, it. is easy to .
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via PR g&hiﬂd}l\fgeﬁweqﬂanner; and inserting electrodes into each reservoir and
applying an electric pulse to the inserted electrodes to electroporate cells in the
specimen stuffed in the specimen-stuffing member. If the specimen is too small,
it is preferred that a reservoir containing the specimen should be replaced by a
reservoir containing only the electrolytic solution before the electrodes are
inserted into the reservoir and the specimen is electrically connected to the

electrodes.

Preferably, the specimen-stuffing member and the reservoir are non-
conductive materials such that transparent plastic or glass is used. Therefore,
Polydimthylsiloxane(PDMS), Polymethylmethacrylate(PMMA),
Polycarbonate(PC), Cyclicolefin Copolymer(COC), Polystyrene(PS),




Furthernore, these materials are reasonable in cost,
transparent and appropriate for a living body. If a
transparent plastic material is used, it is possible
to observe in real tine a process of material being
absorbed into cells. As a-mesult, a process of
transferring a gene into a living cell can be visually
observed. Furthernore, another electroporating nethod
according to the present invention conprises the
Polyﬁ:ﬂ%ﬁléné{PE)f | lopodyster | Thermaoplastic a Blpgomesfl-P)uf fRalgimide,
nmber with specimens using a pressure maintaining
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speci men-stuffing nmenber, and applying an electric
pulse to the inserted electrodes. If the specinmen is
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for pilivetg ody (€ apgramsparcet phashe aiatemy iveaed it fs pdssivde thebserve
reservoir wth electrolytic solution and inserting it
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of tengferTing agene iplp a gyl bangudbnaiyHy a distal
end of the specinen-stuffing nenber to the specinen
or electrolytic solution via fluid conmunicative
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invention comprises the steps of: filling an interior of a specimen-stuffing
member with specimens using a pressure maintaining means such as a syringe or
a pump; connecting a distal end of the specimen-stuffing member of the
clectroporating device to a specimen or electrolytic solution via fluid
communicative manner; and electroporating cells in the specimens filled in the
specimen-stuffing member by inserting an electrode into a reservoir and inserting
the other electrode into an electrode insertion part of a connector for connecting
the pressure maintaining means to the specimen-stuffing member, and applying
an electric pulse to the inserted electrodes. If the specimen is too small, it is

preferred that a reservoir containing the specimen should be replaced by a



applying an electric pulse to the el ectrode equi pped

at the reservoir and a novable electrode in the

pi pette. If the specinmen is too small, it is preferred

that a reservoir containing the specinmen should be

repl aced by a reservoir congaining only the

el ectrolytic solution before the el ectrodes are

inserted into the reservoir and are nmade to contact

t he specinmen. Furthernore, the present invention can
resecooit icoutising quéy flos slechelytkl edutiopbefirk ofe Bxeadiit & inkerted

the supply nai ntenance and renoval of specinmen to be
by thertdctiedeas hyd ismphdetmtentatinhiedpctinenhol | ow

speci men-stuffing nmenber. In the el ectroporation

apparatus, electroporation systemor electroporating
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spediment orh@i¢a@i@d colosdn sect flanpl can@RaniAtiveMater; and
t he specinmen-stuffing nenber in the range of 50 to
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state of cells can be electrically neasured by easily
applvas uni sleclric pulento fthewelegirode augippedeat the reservoir and a
speci men-stuffing nenber. The el ectroporation
mOV@géﬁaﬁf&@@@d%ﬁb@ﬁmip@t& of theespepinegreisttop suwhl; itds peefierded that a
eff.ectively uRed for electroporation which is a first
resegyqip containing the specimen should 'be replaced by a reservoir containing
only the electrolytic solution before the electrodes are inserted into the reservoir

and are made to contact the specimen.,

Furthermore, the present invention can continuously perform the
electroporation by adjusting the supply maintenance and removal of specimen to

be continuously implemented inside the hollow specimen-stuffing member.

In the electroporation apparatus, electroporation system or
electroporating method according to the present invention, an electrode may be
made of any conductive material, and it is preferred that a platinum electrode, a
gold electrode, a silver electrode, a copper electrode or plastic plated with the
aforementioned metals is used. Furthermore, the pressure maintaining means

may be a pump, a syringe or a pipette. The hollow specimen-stuffing member is




of DNA transm ssion, and can contribute to study of

mechani sm of el ectroporation. Furthernore, the

el ectroporati on apparatus can be mniaturized in gene

mani pul ation. Brief Description of the Drawings FIG 1

IS a representation of a-cuyvette equi pped with

parallel plate alum num el ectrodes according to a

conventional el ectroporation apparatus. FIG2 is a

phot ograph of a conventional electroporation apparatus
prefdClo ke @ albirg, wabirg) ecta ohaied i bo cappaf at uBarEOM! is

830, BTX, USA). FIG 3 illustrates a structure of an
pref@dabdd enta ofican cehesd r Bpdicalarty, they spenimancsteidingg masnber

the present invention. FIG4 illustrates a structure
shoubtd have embidel Ream ™ ofof aroagisedinablength Op c1B),/kx besizontal cross-

according to the present invention. FIG5 i]lustrat
sectianaioar@@dgtﬁe&ﬁ%)a@%P@e@ﬂﬁééﬁe%*smfgf@xgsfﬁﬁﬁ@ﬁr é’éﬁéﬁ%éi‘f&ﬁfe 9§§0 to

a capillary in an el ectroporation apparatus according

10,008 t he present invention. -11- FIG6 illustrates an
enbodi nent of an el ectroporation systemaccording to
the present invention. FIG 7 illustrates another

SrRIEE LA CEPE BT 8, b o
AR, S5yl 9, SLorl R O7 SHBKSI, 1RRGRETBLER

5B PRk T Phe dlc@hSSSraABRT AbpRRtus AREATAINSS to the
Specg?:]g@rs |fﬁig&t ?ﬁgaﬂpr es%nt ei n@@r{ti on. ai%‘—‘le fg il Jstntht es

pres@ntliRkEhdbn ¥a® Bk AFERd v¥iyareds fof RecdpiopetdtRynofhichGs % first step
FIGS. 1 1(a) and (b) illustrate a specinmen-stuffing

of MmaRenraRchissionyaide capl emintableteusted siedy t b picpbasiem of
of FIGO9.

electroporation. Furthermore, the electroporation apparatus can be miniaturized

in gene manipulation.
Brief Description of the Drawings

FIG.l is a representation of a cuvette equipped with parallel plate
aluminum electrodes according to a conventional electroporation apparatus.

FIG.2 is a photograph of a conventional electroporation apparatus which
is a square wave electroporation apparatus (ECM 830, BTX, USA).

FIG.3 illustrates a structure of an embodiment of an electroporation
system according to the present invention.

FIG.4 illustrates a structure of an embodiment of an electroporation
system according to the present invention.

FIG.S illustrates a connected state between a disc-shaped connector and a

capillary in an electroporation apparatus according to the present invention.



FIG 12 illustrates a structure of a reservoir and a
reservoir hol der used for the electroporation
apparatus according to the present invention. FIG 13
illustrates an enbodi nent of an el ectroporation system
according to the present-iinvention. FIG 14 is a
perspective view of an el ectroporati on apparat us
having a channel structure according to the present
invention. FIG 15 is a cross-sectional view of an
el etlGdpohatiates mppabatiisserdfof &l GeclrdpofatiGa. $6ted Acandling
18 illustrate an enbodi nent of an el ectroporation

to thgpepsantugveriior.di ng to the present invention. FIG 19
is % m_cr.oscopi ¢ phot ograph of cells el ectroporated by
an FEpdctilupstiat i awthgpandhasimast dfdiang elestioperasiass eystem
i nvention, wherein the cells were observed via a

acc%@%{ol CAIERCIEIREPHONs a phot ograph observed in

tnoC k3 TGl Tl gfobigs Euien| of gnr e bepien Sstem
accHet g{@ﬁ&)r fent Blediighect roporated by an

S opo I 1

on ‘apparatus according to the prior art,

whepRh i §ifgtCels § W(ﬁtullér)]%?’ Ie% \C’iﬁget‘@, ds8d bf;&rg%{l lééécgl;%ot%ﬂon

FIG 227is a photograp scencé o

app B 4R0kdAE 38 thd hesenqhvédifod! G 21. FIG 23
illustrates a graph which shows a rel ati on between

geoRHEG I0d 1 lusth@gea phrttal BPELIRA~éW IFitRE plfRIB&IT FGWM.
el ectroporation efficiency in an electroporation

usi RGar 16d)entdr (@paliastran aagpraimadisstudifiag ntdmbert and Henovable
present invention. FIGS. 24 to 33 are m croscopic

clegptedie oged porsths pappstet dfigl@or el ati on bet ween

FIG.12 illustrates a structure of a reservoir and a reservoir holder used for
the electroporation apparatus according to the present invention.

F1G.13 illustrates an embodiment of an electroporation system according
to the present invention.

FIG.14 is a perspective view of an electroporation apparatus having a
channel structure according to the present invention.

FIG.I5 1s a cross-sectional view of an electroporation apparatus of
FIG.14.

FIGS.16, 17 and 18 illustrate an embodiment of an electroporation
apparatus according to the present invention.

FIG.19 is a microscopic photograph of cells electroporated by an
clectroporation apparatus according to the present invention, wherein the cells
were observed via a bright field.

FI1G.20 is a photograph observed in fluorescence relative to cells of the

same region as those of the FIG. 19.




geonetric shape of a specinen-stuffing nmenber and an

el ectroporation efficiency in an el ectroporation

usi ng an el ectroporation apparatus according to the

present invention. FIG 34 illustrates a graph wherein

an el ectroporation is condugted relative to various

cells according to the present invention and

transfection rate (nunber of fluorescently expressed

cell s/ nunber of surviving cells) by GFP expression is

obtRElithed. isFlaGmBirosopioriphoosgraph copheilegeptroporated by an

illustrating a result of FIG34. FIG36 illustrates a
electropotationhepeiratuSFRcEir@iNg &ndhpBGER arte whéral theqgdlsywere

transfected into cells by way of an el ectroporation
obsawednr i mbright fibld. present invention and GFP expressi on

thereof i s neasured by m cr oscop
i | Ilfﬁsﬁ EAtEA @homgi@%é‘@ %B%ﬂ?ée%C@PF%&g o?fgth(ea§aﬂaﬁdeglon as
{a EP the application of electri c pul se when a
thos&gfé ¢ El@ddi pped with a conventi onal electrode is

an F16t a3 S RRBh L it OB B 2 ke 1%?59%@ bl BYGRuric
shaﬁémé)‘rf"ogf:%)e'& %ﬁ og% eLnen;lﬁer H][d el%{:t?oséf% t)ccfna?fﬁczenc in an

prc pho Sin
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invéngipRect ively. FIG 40 is a graph conparing an |i ght
emtting intensity of Pl according to the channel

W dEFIGS B4 @43 drkInistasabgie ieltdbgraphy suglestige akelaciva tanseen
after an electroporation in two mcro channels, each

geomatringsteapai fdfernentpecinaemetuffinglt menibcd5@hdnaa) eﬂmtmpﬁmmon
Li m(b) respectively.

efficiency In an electroporation using an electroporation apparatus according to

the present invention.

FIG.34 illustrates a graph wherein an electroporation is conducted
relative to various cells according to the present invention and transfection rate
(number of fluorescently expressed cells/number of surviving cells) by GFP
expression is obtained.

FIG.35 is a microscopic photograph for illustrating a result of F1G.34.

FIG.36 illustrates a result wherein GFP siRNA and pEGFEFP are
simultanously transfected into cells by way of an electroporation according to the
present invention and GFP expression thereof is measured by a microscope.

FIG.37 illustrates an Al electrode surface before (a) and after (b) the
application of electric pulse when a cuvette equipped with a conventional Al
electrode is used to perform an electroporation.

FIG.38 illustrates an infusion process of Pl (propidium iodide) in a

100 um width micro channel.



FIG 42 illustrates a result wherein cells were

cultured for seven days in mcro channels each havi ng

a different channel width of 50 lan(a), 150 izm(b),

200 lam(c) and 250 lan(d), respectively. FIG 43(a) is

a phot ograph observed via-asbright field of cells

through which a 0.75kV/cm of electric field was

applied for 10 nms and 24 hours el apsed, FIG 43(b) is

a phot ograph observed via an overlap of bright field

andFIG Blorsesc encmsobpicebhstoghapdugh acl®s 4kidsedh bf PI via an

electric field which was applied for 10 nms and 24
elechioppationaipsiadh naat Fhamd edch badnghotddigraphclomnebhidth of

of FIG 4 (b)observed in fluorescence. Now, an
100 gmga) £EN 1spRRstivelis, an el ectroporation system

and el ectrqporation nmethod according to the i

or cERAEO G &R CORPRIINS@h JSE FemE HLCTRY &I Leording to

r.ef erence . to the acconpanyi ng drawi ngs. Throughout the
the %*}%eﬁaé&h- expl anation about |ike or equival ent

' i i d id .
POECERR iBlstBRES Beify 820 Bhal GPERLGE AL 4RERTE cidarePoRdefon in
two SRRGE! ABMLR, LA INRE o WHtHeAC LR ARAETIFER0 (e and

500 MRt Blesp@itisenpassed by way of the present invention is
not to be limted to those specific enbodi ments. On

t heF AL riluyrated al @shintvendes (9l WbR suMbiegtfofBet&r d8fs in
the present invention to include all the

mical thanmedd eash havidisf a caffeens chamd:] egidt alfeft smé&s), -1 504m(b),
can be included within the spirit and scope of the
2001 gn(cpanchgSe | /(s reswestivehit s cited by the present
invention are incorporated as references in the
pr e8Entt3(a) iy enphoiwgrmicoBseivedstia at byght $ietdiof wedls ghrough
ahr; tequrb di)”rent of an electroporatjon system according
whighya -Zﬁﬁf saeat clepirentipldnvasrarpligdeforr 18hios a4 beuss eapsed,
C ri.ses:  a pulse generator. (100) for generatin
FIGHARL (7 cApahaisraply aiscered cder a8 pecfapoyt gt Teld and
luofhERA A% LBIR MrfRan At/ RRCSE BRiAL Held R APIRS REARE or
10 ms and 24 hours elapsed; and FIG.43(c) is a photograph of cells of FIG.43

(b)observed in fluorescence.

Now, an electroporation apparatus, an electroporation system and an
electroporation method according to the present invention will be described in
detail with reference to the accompanying drawings. Throughout the drawings,
explanation about like or equivalent portions or parts are not repeated in order to
avoid redundancy. While the present invention has been described in connection
with certain preferred embodiments, it is to be understood that the subject matter
encompassed by way of the present invention is not to be limited to those
specific embodiments. On the contrary, it is intended for the subject matter of the

present invention to include all the alternatives, modifications, and equivalents as




or a tubing stuffed therein with specinmens. The pair
of reservoirs (300) are so connected that fluid can
be i ntercomuni cated by the speci nen-stuffing
menber (400). The pair of reservoirs(300) are
respectively inserted by-eliectrodes (200) for
el ectric connection with the pul se generator(100).
El ectroporation of <cells in a specinmen stuffed in the
speci men-stuf fi ng nmenber (400) can be conducted by
can pplotideg]l anithéd dod spicit fandl stope dfibe dbbow mgdels(rR0Pocunents
this tinme, the specinen-stuffing nmenber(400) nmay be
citedopgnthe atesbot hndingioal awndscasportedhry wherenelss il the npresent
~only. In other words, as long as it is appropriate for
Invegten.speci men- stuffing nenber (400) to be filled with
speci nens and for both distal ends thereof to be
applied with electric voltages, it suffices that any
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ng neans onnected to a distal éend o

or a IABMgNRAfRl thEicne WieBpeEcifkal) Therpai@bhidenidig (300) are so
proper pressure so that the speci nen-stuffing nenber

conmeatedoehht |flhed whi hbespaetcornauhitagn byt ehé ospddieratufiing
In the el ectroporation systemin FIG 4, the distal -
menit2r@d).ofhe pairsfeciareonsB0j aragraspedisrel ¥ 400)ted iy ¢lhetrodes
ressure maintai ning neans (600) are connected by a
(200$-£9h@yb®ﬂrzc eenecttion @At0jhe pubeTzanesged 100hélecwpporation of
(510) is fornmed with an el ectrode ingertion part 8512)
cellsi i 0d wicemeth wnied rigddhe (sreoymerssiuitag ¢ @guihs(400) cad be

conRRL PRt S5 e B3k Aerhe SRS R e e
RN A RN
dist oﬁzé?%ﬁquﬂb% %vg)?ii%g&nﬁo‘}ltgoﬁs (P ilso%ppl%Bﬂa&ofH}eﬁﬁassﬂe%ﬁnen-
stuffing member(400) to be filled with specimens and for both distal ends thereof
to be applied with electric voltages, it suffices that any part of the specimen-

stuffing member may be opened.

FIG.4 illustrates a structure of an embodiment of an electroporation
system according to the present invention. The electroporation system comprises:
a singular reservoir (not shown); a hollow specimen-stuffing member (400) such
as a capillary or a tubing; and a syringe (600) of a pressure maintaining means
connected to a distal end of the specimen-stuffing member (400} for maintaining
a proper pressure so that the specimen-stuffing member can be filled with

specimens in an interior thereof. In the electroporation system in FI1G.4, the distal



pressure mai ntai ning neans (600). FIGS5 illustrates a
connected state between a di sc-shaped connector (520)
and a speci nen-stuffing menber (400), wherein the
di sc- shaped connector (520) 1is used to connect the
speci men-stuffing nmenber and.a pressure naintaining
nmeans in an el ectroporation apparatus according to the
present invention. The disc-shaped connector (520) in
FIG5 is forned therein with a hole (521) through
endvdfi thb spesipea-steffigamepass, (400p atdehepashiredaaingiid fkans
art(5 12) is forned at a disc |lateral surface. An
(600} steapenhastast byoalel-6Ra@x cennausar (Ed)i Mhe Thbhaped connector
el ectrode insertion part (512) such that if the
(51Q@pisclormedswithfam glassieperingertion pagt £312)eidito titdckian elicctrode
peci nens, the el ectrode contacts the specinen. FIG 6
(200) 1Sy 5 ek SorapP R RREHCTRY Patscolder snssunen-sbriTisg snember

(408 S HlsorheiPian VayL SaR s FEasthoncleadaty d2P0) sgnjacts the
I ti h in FIG 4, and
R S EA T AW T AT

i Lncl el lectralyti
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pres%h?eclhﬁﬁﬂﬁnir?gg&kaﬁssgd{j@ﬁrt ed into the reservoir (300)
[ .

to contact the spe Furt hernore, connection is
made in such a manner that a distal end of the
speci men-stuffing menber (400) can fluidly conmunicate

W t RIG Bellapeatieroahedtbe sfa@s BEM@ch-a diRcisHRpRNEM et tbr (5520)
the el ectroporation, a syringe Il 16-- (600) operate

and lyspeecpoerps(USE0y manbae@as, ahaeas e dsoshapai com@ctor (520)
. means to fill the interior of the specinmen-stuffing
is ugedrberconad) thw spedimensyeifingenembir aid 8 ptesstee mhmtaining
reservoir in which the specimen is filled may be
meaig ghaiik glasironorasionss srnaratup moaiding &b ¢be rpesant dnvention. The
. solution is filled after the specinmen-stuffing nenber
dlsccsz!@@)fd cpENgGteY @%WH@ ﬁt@p‘?e@ifﬁﬁﬁgd tigpinswith achalpée? hethrough
filled in the speci :stuffing . menber capn be
whigh 8 Pelsith e DB ABRIE FiF<atret BETTOE T S bbbt eied at a
disct Aferal surface. An L-shaped electrode (220) is inserted into the electrode
insertion part (512) such that if the specimen-stuffing member (400) is filled

therein with specimens, the electrode contacts the specimen.

FIG.6 illustrates an embodiment of an electroporation system according
to the present invention. The electroporation system comprises: a reservoir (300);
an electroporation apparatus as shown in FIG.4; and a pulse generator (100) for
generating an electric pulse. A specimen including cells or electrolytic solution is
stored in the reservoir (300), and an clectrode (200) is inserted into the reservoir
(300} to contact the specimen. Furthermore, connection is made in such a manner
that a distal end of the specimen-stuffing member (400) can fluidly communicate

with the specimen of the reservoir. In implementing the electroporation, a syringe




el ectrode (200) contacting the specinen or the
el ectrolytic solution stored in the reservoir (400)
and the electrode inserted into the connector (520).
FIG 7 illustrates another enbodi nment of an
el ectroporati on system acording to the present
i nvention, wherein a punp (620) is used as a pressure
mai nt ai ni ng means so connected to fluidly conmunicate
with a distal end of the specinen-stuffing nenber.
(6007 peefed &y 4 benpp@liyen used b iang csmmbenai(tddingi weans to fill
connected to the punp (620) via the connector (520). )
the iBteBB ¢ thestpreainesn-stuiffihg anenher (4iodithehe speciaiens. At this
el ectroporati on system according to the present .
timej thearesétyojr inhehishriihe spegpmends (fti@g)mafs badeplaged Ry a reservoir
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connected to a novabl e el ectrode (230b) and a

speci men-stuffing nmenber (440). The specinmen-stuffing
mergyey.7 (AfQirates Ahbark | ¥ymbothaeitedft an aclptpopdmtionp system
17 mounting shaft (631). The pipette (630) used as a
accapd@gstyr thenmichddi invagiorsanseres agiuspw$EZD)als welodya pressure
thereof with a conductive contact (632), and a novabl e
maiehaibg ooeng 280nnesteil e ditidly communheate with a distal end of the
speci men-stuffing nenber and nounted in _the pipette )
specsmensstaidingomemhet aildevifore, 4bpi speermgmsafting mawber (400) 1s
pepette and to _reciprocate in the specinen-stuffing

conusigskio. thepagp 46203)viahe f(%’)neﬂquﬁgf{?)at e a

speci men-stuffing menber (440) and a novabl e el ectrode
(230b) used for the pipette.

FIG.8 illustrates still another embodiment of an electroporation system
according to the present invention, wherein a pipette (630) is used as a pressure
maintaining means for fluidly communicating with the specimen-stuffing
member. In this figure, the specimen-stuffing member (400) is connected to the

pipette (630) via the connector (520).

FIG.9 illustrates a structure of a pipette used for an electroporation
apparatus according to the present invention, wherein the pipette (630) is used as
a pressure maintaining means for fluidly communicating with the specimen-
stuffing member. FIG10 illustrates a partially enlarged view of the pipette (630)
connected to a movable electrode (230b) and a specimen-stuffing member (440).

The specimen-stuffing member (440) is directly connected to a pipette tip



FIG 12 illustrates a structure of a reservoir (330)

and a reservoir holder (340) used for the

el ectroporati on apparatus according to the present

i nvention. The reservoir holder (340) is forned at an

upper inner pipe wall wthia-pipette fixing unit

(640) for fixing the pipette, and is al so di sposed

with an electrode termnal (250b) for electically

connecting to the fixing unit (640) and the other
motgitisgtshatle 68é ). T inapipeRBAAF O osanleak aprasstitcompiriiaieoimeans is
. The reservoir is nounted thereunder with an el ectrode
disposabay & body obeswfi witht aecasidgctivolopniast 6B2),i amd ar movable

spe 1f. the pette (630) is fixed at the pipette
electtpde mg‘?@m. S 1@6@1@933 yitotthe Spf:@@@rrwf i epspbertansl mounted in

the PRI Tt ?08%?3&“3%% Wbad ) Plafon Ladieh S bopetie and to
reci§iSERRNUR e 'Sgpgﬁg@&“@@ ity b S S0 el ko plustrate a
spectf sfifines gl L4TBITARE o iRl Qgecir%gge(pgg@g (kg the

puxk@”er pi pe of the reserv0|r hol der (340), the pipette
is fixedly inserted into the pipette fixing unit
(640) to allow a distal end of the pipette to fluidly
communi cate with the electrolytic solution of the

r esElC 02 rilluardeehagtuchere Ul $&etvoirPPE0Eshd @ rEé'&vbM%older
el ectrodes (230a, 230b) via the electrode term nals

(34(0)25ed, foR 5idb :leatropbeatiovsgypavatus hoteieling 8 fe presemahvention.
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Therresdseeir haider (3402 ielfennedponratippay inrtee pPppetallewith a pipette
separated fromthe reservoir and the reservoir
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pipette fixing unit (640) are electrically connected. In conducting the
electroporation, the specimen is picked by a pipette and stuffed in the specimen-
stuffing member (440), the reservoir (330) filled with electrolytic solution is
inserted into an inner pipe of the reservoir holder (340), the pipette is fixedly
inserted into the pipette fixing unit (640) to allow a distal end of the pipette to
fluidly communicate with the electrolytic solution of the reservoir, and electric
pulse is applied to the two electrodes (230a, 230b) via the electrode terminals
(250a, 250b) of the reservoir holder (340} to enable to electroporate the cell in
the specimen-stuffing member. After the electroporation, the pipette is separated

from the reservoir and the reservoir holder, and a pipette press button (633) is




el ectroporati on apparatus and the electric pul se
generator. FIG 13 illustrates another enbodi nent of
an el ectroporation system according to the present
i nvention in which one or nore el ectroporation
appar atuses each includi ngiga- speci nen-stuffing nmenber
connected to a syringe-type pressure nmaintaining
neans are arranged in parallel. FIG 14 is a
per spective view of an el ectroporation apparatus
depiegsdd® eénable o easiihaeniiveshe sictopdras@bcélireihesteséfviongholder
menber and a wel | -shaped reservoir according to the
(34 rmagrie soventifarurcthas & betseppoibdt botrweappar appsr lid (340a)
includes a substrate conprised of an upper plate
and (350u)y 4040k (seeklpl e qr35mY) b@nxwmgr@ﬁYamamuéaCéwed The

channel hol | ow speci pen- st ffl er. and a of
speciEensstedingcmsmer dg degaghag Bﬂpwfmﬁwum it BIRaEentip GpAuNting
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erern mcro anne 1-455) " are 0 conn ct

mvetn'f'l%nCH{ RASE0RAENG k! Seéd ‘aﬁé&%ppﬁﬁﬁ@ge%@ébh including a
353a- 353b, 354a-354b, 355a- The cell nenbrane

spedigienRRulRC idigBél Yopoedied &bed @fimgfeotlype gpres@irer maligaining
can be introduced into the cell by inserting

meagk ecd nodesed intparalhd. wel | s and applying the electric
pul se. In the aforenentioned el ectroporation
appar atus, each channel length of the - 19 channels is
different. Therefore, even if the sanme voltage is
appFied4tis a ipersperiéve roesofofin teectnposetiqe ABPARGIS, Natiag a
intensity of electric field at ea h channel

mlcm chapmehstrugiyeed pecigeppigiingacy bk AR @ WPBTSE‘aE% rgsgrvoir

ai ne the follown uation 1. .
accor %ng to theyplesent mvention? T%% altectloporatlon appalatug l)nciudes a

substrate comprised of an upper plate (350a) and a lower plate (350b) on which a
micro channel hollow specimen-stuffing member and a pair of wells so
connected to fluidly communicate with both distal ends of the specimen-stutfing
member are disposed. FIG.1S5 is a cross-sectional view taken along line A-A’ of
I1G.14. The electroporation apparatus is formed at both sides thereof with one or
more pairs of wells (351a~355a, 351b~355b) for inserting electrodes of the pulse
generator so that a specimen including cells can be applied with electric pulse,
wherein micro channels (451~455) are formed to connect the corresponding
wells (351a-351b, 352a-352b, 353a-353b, 354a-354b, 355a-355b). The cell
membrane can be electrically porforated and foreign materials can be introduced
into the cell by inserting electrodes into the wells and applying the electric pulse.

In the aforementioned electroporation apparatus, each channel length of the



wherein, Eis the applied intensity of the electric

field, Vis the voltage difference between both ends

of the electrodes, and L is the channel length. As a

result, even if the sane voltage is applied to both

ends of the mcro channet gputually different

electric fields can be obtai ned because the channe

| ength varies. The el ectroporation apparatus havi ng

the m cro channel specinen- stuffing nenber may be
chanmtle gs adifferersn (ftect fore deen mhyhbdesamenwbbiageriecapplied to the

coupling glass substrates or plastic substrates. In
clecgrpsles phéhepelse geporatar dre indgpatyaeiugeitsicniaeldfabctch ebatmel is

, couPIing the plastic substrates, it is preferred that

dlﬂ“?lﬁ’@“electroporation appar at us shoul d i ncl ude an upper

substrate (350a) and a |ower substrate (350b),

wherein the upper plate is forned with holes form ng

t.he wel | nd th pper_or_ the | ower ate is fornmed

TheyAfeps st T el oidRER bertorainGo g ¢ ABISH e Baualloh't
el ectroporati on apparatus according to the present
invention is manufactured with a speci nen-stuffing
menber whose length is | 'E:-\,ag mm- 10 cm More D
preferably, the |length of the speci nen-stuffing rrenbeg
isl cm- 5cm Preferably, the height of a channel,
if the specinmen-stuffing menber has a channel

whestiucture, is 2 /.am- 2 nm and the width thereof is
10 lam- 10 mm More preferably, the height of the

E ischaapglied st@Bitypfithe eRROicléiold,and the width is 100
ism- 5 mm The el ectroporation apparatus having a

V isctharvelhge diffarenes betarcenbdingndsoot the abewselet, amivent i on
. can be manufactured by MEMS technique. FIGs.16 (a),

L isthg chqunel dgngthid) i1l ustrate various structures of an

As a result, even if the same voltage is applied to both ends of the micro
channel, mutually different electric fields can be obtained because the channel

length varies.

The electroporation apparatus having the micro channel specimen-
stuffing member may be integrally manufactured or may be manufactured by
coupling glass substrates or plastic substrates. In case the electroporation
apparatus is manufactured by coupling the plastic substrates, it is preferred that
the electroporation apparatus should include an upper substrate (350a) and a
lower substrate (350b), wherein the upper plate is formed with holes forming the

wells, and the upper or the lower plate is formed with depressed channels.

Preferably, the electroporation apparatus according to the present

invention is manufactured with a specimen-stuffing member whose length is |




el ectroporati on apparatus according to the present
invention. FIGS. 16(a) to (c) illustrate structures
wherein several pairs of wells for inserting

el ectrodes of the pulse generator are formed at both
si des, and each channel f-opti-ng a space for
connecting the plural pairs of wells and filling the
specinmen is formed for each pair of wells.

Particularly, the el ectroporation apparatus _
mmi+ 1 0stm alvide iprefEtaBliLohe)length & tharspedimdért-btufighg snémber is 1
such a manner that the distance of each pair of wells
cm 5 cui Prefembly, thhdeghsatfropanael, oh thepiracangr-stuffing member
illustrated in FIG 16(d) is formed at bqoth sides

i ﬁ@r@

has preeaae! SireeuEs, pailr “Bf ~welie, pog thevd gis 10 ym ~ 10

L S0l 02 PALRE g SR 502 o0 e
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is formed with a channel, wherein each channel

tech&ﬁég&eﬁ is different fromeach other. If the channel
| ength of each channel of the specinen -21 stuffing
menber is different, each channel can be applied with

di ffrRoeng edectu) cic)f iaf?xlddédﬁmlﬁisﬁﬁtd opfcilsi Gfructures of an
apparatus ilTustratéd in FIGS. 18(a) and (b) is such

eledifdpbratiac Apghran elccbatigy hoahd beemdhvantiirh o e6da) ng (c)
the corresponding wells are all different. The

illusttete strapires whoreappavatl paims o6 vaillsgior ongdrang redsgrodes of the

invention is such that a far |ess anmount of current

puldel gewerator e forams! & bethr sides, iaskddgacborhpaneldforming a space for
conventi onal el ectroporation_apparatus because the

congegtingnther plova rewrsyof weHoagr HlhagHbe ispagimen is formed for each
.speci men-stuffing menpber. As. a result, .power . ,

PairRYEWpthastcul Ry, the SGHAROLEIPTLARPAT 4L &@ggaé?@tn FG-d4e) is

arrag\gsga, k;énjﬁhf gygqﬁfsjgiglfjsufc 1ra %%)arr{n%? ltflsatptlljl% Iocﬁss‘[%ncéJ %If %gckkl)?)tah'e(giy waeﬁs is

different.

The electroporation apparatus illustrated in FIG.16(d) is formed at both
sides thereof with a pair of wells for inserting the electrodes of the pulse
generator, and is also formed with a plurality of channels for connecting the pair

of wells and filling the specimens.

An electroporation apparatus illustrated in FIG.17 is formed at both sides
thereof with a pair of wells for inserting the electrodes of the pulse generator, and
each pair of wells is formed with a channel, wherein each channel width is

different from each other, If the channel length of each channel of the specimen-



Herei nafter, an el ectroporation experinents and

bi ol ogi cal results using the el ectroporation
apparatus and el ectroporati on system according to the
present invention will be described. Mde for
Invention Preferred Enbodbpment Preferred Enbodi nment

1: Electroporating experinent of HEK-293 cell |ine
using pipette type electroporation apparatus |-1.
Preparation of cells HEK-293 cell line (ATCC,

stufGRE -M&EMBYr iwadiftrente dadnclzarmed cambesupppied il eliffwichb electric
10% FBS in a 25 cnR2 culturing flask, cultured in CO2
field.ncubat or, and cultured up to 70% confl uency. Next,
t he medi um was renoved, - 22 and the cell was washed
usi ng PBS buffer solution, and treated with trypsi n.
nted with FBS a

cen%p.e?q@&%%g DR S U B o] S5y Db fsh that
eac Okla it gﬁ;nlg%vs 1{.@ % irWéd %céﬁelcﬁ%ngl?e:.rcgq?res%léggf[{glvr\/]eelnst ael% all
GiEEE AR iy S PS94 o e
el SERE o SLp OO TR, T SRRl
i R s EESREAA, 470 [CLENISEY o) s onty

throgpl chénboiishw§pdonge ABIHEIgOhefiber.eA € Gl fcOPIRr fék&Nconsumption
apparatus (see FIG 8) according to the present

can ibeventimirediasd iseebedy] ntoanthemanytadnaed dbi porthitle fltBose
reservoir. A pipette-type pressure nmaintaini ng nmeans
usingdsittgsieds & pofiel lsomrce. i nteri or of the speci nen-stuffing
menber with specinmens while the distal end of the
speci men-stuffing member was so connected as to

fluidly communicate with
Herenafter, an electroporation experiments and biological results using

the electroporation apparatus and electroporation system according to the present
invention will be described.

Mode for Invention

Preferred Embodiment

Preferred Embodiment 1: Electroporating experiment of HEK-293 cell line using

pipette type electroporation apparatus

1-1. Preparation of cells

HEK-293 cell line (ATCC, CRL-1573) was stored in a medium

supplemented with 10% FBS in a 25 cm® culturing flask, cultured in CO;

incubator, and cultured up to 70% confluency. Next, the medium was removed,




the m xed solution stored in the reservoir. The
reservoir was replaced by a reservoir containing only
the electrolytic solution and the distal end of the
speci men-stuffing nmenber was nmade to dip in the
reservoir containing the-gectrolytic solution for
fluid conmmunication. In addition, electric field
applying conditions such as pul se voltage, pulse
duration and pul se repetition frequency and the |ike
and W& ecl$ etasupashad niding MRS doffeexphitiomeand tidatehsvigotrgpsin. It
up that an electric field of 0.57 kV/cm was once
was aoded doy fediem puppéendented ivoith 6B Bandsendetuged. abext, the cell
electric pulse was applied to the el ectrodes inserted.
wasi mtashed cbyin@8Sorbwifier ooluthen, andcewnupsdadi egaiapgar aagium
and the reservoir containing gnly the electrolytic
suppdoneptpd i ith HEr B te pewnare 8 CEBARFEIMSR: - 23- 1-3.
Retrieve of el ectroporated cells The specinen in the
speci men-stuffing nmenber was noved to a culture plate

) @i r{a a gilﬁette and applied with nedium Cells were
e i i ncubat or for 24-48 hours. The cells
t [ .
eGP 100 HAPE HER 290 1 SphRicHthus WiSparcd ar 1
was g%ﬁé&gﬁé&?ﬂﬁoq rddBr AP 3t ¢6bhStelPePatudd) Okt Bh&SHH dINFOO 1.0

was | nserted by the el ectroporation apparatus

was nRefed NGith 05 thxe ofr ;ﬁl%@i@ﬁd immngmp HloGtaid@d iford: GenBank
phot ograph via bright field an FIG20 is a

AccBRed0Usp6DOSEONTECH Tabor & aensfectids neatedsiubiid ofixed. A
the experinent, the transfection rate (nunber of

distdll el eStihie npkyineetpstasBeg noehbea/ ofuthb elecxdfoposation sppayatus (see
cells) was in the range of 90 to 95% as shown in the

FIG#) aicogrdamh &) thanpreseritdnsentian ais nescetedfintohideonixed sedigion in
over 90% FIGS.21 and 22 are m croscopi c photographs

the ofscevqinr Anbinesie-type unessuindarintaisingameaps et veerd 4¢ fill an
was done b usi ng_.t he conventi onal . el [

inteEphak giqjsg)q%im%@ figg mﬁlnbp@artit{losmaq:ciﬁﬁ@gq:\tzvilﬁpC‘)s{lg t(ﬁs?zn end of

the specimen-stuffing member was so connected as to fluidly communicate with
the mixed solution stored in the reservoir. The reservoir was replaced by a
reservoir containing only the electrolytic solution and the distal end of the
specimen-stuffing member was made to dip in the reservoir containing the
electrolytic solution for fluid communication. In addition, electric field applying
conditions such as pulse voltage, pulse duration and pulse repetition frequency
and the like were set up. In the present experiment, it was so set up that an
electric field of 0.57 kV/cm was once applied for a pulse duration of 30 ms. Next,
an electric pulse was applied to the electrodes inserted into a connector out of the
electroporation apparatus and the reservoir containing only the electrolytic

solution under the electric condition.



HEK- 293 cells were transfected by plasm d DNA pEG-P

FIG 21 is a photograph via bright field and FIG 22 is

a phot ograph observed in fluorescence. As a result of

t he experinent, the transfection rate was

approxi mately 50% and thezgell survival rate was

observed to be less than that of the present

invention. It could be noticed that dead or

| ess-grown cell's frequently observed in the prior
1-3.dietgieve olintbctoapmtabtdlls in FIG 21) were drastically

reduced in the result of the present invention

( FI B specinen2i) thepeeiwpanr-stuffing aaember weos edotddato & halture

transfection rat anf survival rate were nuch i nproved

platrging R BHREEr 8 ra@p lsﬁ ngpawét% sctlsrapieg cibutedein CO,

rese t|on ed. Further nor
incifa ﬁ%‘tﬁ?)séor 48, itz DS el &i%apamﬁs & ?ﬁqtggvemte thereof
WaS‘|lnvesn n was used, it is easy to retrieve cells
it Potdted with particular materials. - 24 1-5. effect
anaIyS|s based on geonetrical structure changes of
speci men-stuffing nenber HEK-293 cell specinmen of
1-4.3ppnexi mately 100 O prepared in 1-1 was infused into
T areservoir at roomtenperature. Plasm d DNA pEGFP of
5 JFEG$39 added he ﬁﬂel@es&cnﬁﬁo@fgr%ﬂgnop HBR-293 cells into

transfection material and m xed experi nment
whiglaspleonl AEA yHEEP thes dheateD Rl alid MeARPAEALMS Pbaratus
FI G 8. The specinen was picked up by a pipette-type
accqulemste ehavpiestai mivegliomaik;. 18nd a pesepvapbr visesright field and
repl aced by a reservoir containing only the
FIGeZOetSta phytogeapopbsdroed imfludiestanceerts afresuieof the experiment,
speci men-stuffing nmenber i s dipped into the reservoir
the c%@ﬂ%%ﬂ%g iffe @hater obft fluomstentio rexnoessed up@llls/numbex of
Com’runicatl on. The el ect ric condition was set up i

Surdyag cgllvhiiaen tiatangh odi98cior9/or peslepven i e NI AeveRSS, and
the SRRAT ol 8E1bh ?%‘l%ﬂﬁ?@pnéh?%fﬁ?éh%%d" hemdricEpopic
pho{ %ﬁpﬁlgeéfr gﬁgerﬁggxﬁtakh%u Le 0391 (%rgﬁw !sfvggq ﬁgne by
usinbefRQt &ﬁn}%ﬁh‘é’ﬁﬁneﬁa@ﬁoporatwn apparatus 1llustrated in FIG.1 in which
HEK-293 cells were transfected by plasmid DNA pEGFP. FIG.21 is a

photograph via bright field and FIG.22 is a photograph observed in fluorescence.
As a result of the experiment, the transfection rate was approximately 50% and
the cell survival rate was observed to be less than that of the present invention. It
could be noticed that dead or less-grown cells frequently observed in the prior
arts (round-shape cells in FIG.21) were drastically reduced in the result of the
present invention (FIGS.19 and 20). Therefore, it can be noted that the
transfection rate and survival rate were much improved when an electroporation
apparatus according to the present invention was employed. Furthermore, if the
electroporation apparatus according to the present invention was used, it is easy

to retrieve cells introduced with particular materials.




di stal ends change from0.4 cmto 4 cm Table 1 shows
the geonetric conditions and experinental conditions.
TABLE | L (an) D (cm) A (an; Il (cm 1) Voltage Cel
TrUMO&i counting on rate 4 0.135 ! 0.014307 279.6
2500 160/163 98.0 3.6 0.-135-10. 014307 251.6 2250
138/ 142 97.0 3.2 0.1.35 10.014207 223.7 it 2000
122/1.27 96 2.8 0.135 0.014307 195.7 1750 158/165 96.0
2.4 0,135 0,014307 167.6 i 1500 117/124 940 2 0.135
1-5. QL 30 ydis baBed BhQebdwidicdlstAttdre chaBgls 085pdd] in
13 1000 104/117 89.0 1.2 0.135 0.014307 83.9 750
mem@r63 73.0 0.8 0.135 0.014307 55.9 500 43/ 62 69.0 OA
1 0.135 0.014307 28.0 250 18/66 26. In th aﬁoy
t agiBK- 2931@n8t€ea§can¢lb@éuwa@?ﬁ!i}at%(an(h "?c Fﬁep&?e‘f e 1-1 was

infuskb SO GO ERPOIRIY A GEHBHEE DS Weeg 13 T@ﬁe&\@‘{m&tﬁﬁ? b BPs s is
add;@[h E@?h%éé?ﬁ%ﬁfﬁ@nOEﬂgge&EWé bavretian el B8 e, and an
e""?ﬁigifp’”ﬁ Chetsl he AFe e R oG bOr SRS o FLG 8, The
R YL, R e
rese&%ﬁﬁa%%é@a@% g&aaomﬁsbfb qués&g %‘i%‘%ﬁ%ﬁﬂm‘%ﬂe&?&lﬁﬂ@@@luﬂon A

_ 50" FIGs. 24 33 are
distal %rnﬁ_sg@p{:ﬁé @E@&?&rx’@ﬂhﬁﬁ R HBieP3is kbl iinto thbi edservoir
pl asm d DNA

was i nserted by the el ectroporation
containing the electrolytic solution for fluid communication. The electric
condition was set up in such a manner that an electric field of 425 V/em was
applied three times for a pulse duration of 10 ms. The electroporation was
implemented in such a manner that the specimen-stuffing member of a capillary
is fixed with a cross-sectional diameter of 0.135¢cm while the lengths between the

distal ends change from 0.4 cm to 4 cm. Table 1 shows the geometric conditions

and experimental conditions.

TABLE |
L () D ()| A (@ | R (@) voltage| ot |Tramsfect
- coumting | on rate
4 0.135 10.014307 274.6 2500 | 160G/163 93.0

6 ¢ 0,135 (0.014307| 251.6 2250 ¢ 138/142 97.0
3.2 0.1 0.0143067| 223.7 2000 | 122/127 96.0

26 | 0135 0.014307] 195.7 | 1750 | 156/165 | 96.0
54 10 195 [0.014307] 1678 1 1500 | 117/124 | 84,0
o 0.135 |0.014307| 1389.8 | 1250 | 107/117 | 891.0
1.6  0.135 0.014307| 111.8 | 1000 | 104/117 | 89.0
12 To1as o.014307| 839 | 750 | aG/e3 1 730
0.8 @ 0.135 |0.014307| 55.9 500 | A3/E2 69.0

. 0.4 [0.135 10.014307] 28.0 | 250 | 18/68 | 6.0




apparatus according to the present invention. Left

side of each figure is a photograph observed via

bright field, and right side is a photograph observed

in fluorescence. 1-6. electroporation experinents

using various cell lines The-el ectroporations were

conducted in the sane conditions with various cel

lines. The experinmental results, as shown in FIG 34,

are such that all the cells described in Table 2

sholmetheaaboaxdebleghtdenosasst batgitodimadiengily (¢ing of the specimen-

el ectroporation apparatus according to the present
stuffinggnewdar, Fidengies shdwmetert (cansdlecosoaeatione A develms ian area

& graph, and FIG 35 illustrates a m croscopic
(mndﬁﬁﬂgﬁﬂﬁﬁﬁﬂﬁmP@§UﬁﬁiRKéﬂhﬂFVbhio GFP expression. - 26-

Table 2 ACC. No. origin Tissue HEK293 ATCC. CRL- 1573

Human Enbryoni c ki dney Cl1O K1 ATCC. CRL- 9618 Hamst er

L I AT SR o

. - : 7 | B-
L e T
T G S MR 0 P T SR ARG v

meaddfed: ERG- 904N Sezan tkebpyoni ¢ firoblast  ChangX3l
ATCC CCL-13TM Human Li ver B7 ATCC. CRL-2522 Hunan

Foreskin Primary culture
FIG.23 illustrates a graph in which transfection rate was greatly reduced
when R is below 50. FIGs.24 to 33 are microscopic photographs of HEK-293
cells into which plasmid DNA pEGFP was inserted by the electroporation
apparatus according to the present invention. Left side of each figure is a
photograph observed via bright field, and right side is a photograph observed in

fluorescence.

1-6. electroporation experiments using various cell lines

The electroporations were conducted in the same conditions with various
cell lines. The experimental results, as shown in FIG.34, are such that all the cells
described in Table 2 showed an excellent transfection rate by the electroporation
apparatus according to the present invention. FI1G.34 shows a transfection rate
given in a graph, and FIG.35 illustrates a microscopic photographic result

relative to GFP expression.




1-7. Transfection of siRNA CHO cell line

(ATCC. CRL-9618), HelLa cell line (ATCC, CCL-2) and
SK-OV-3 cell line (ATCC, HIB-77) were enpl oyed for
experinments. The el ectroporation was conducted in the
same ways as in those of -126l-to 1-4 to observe the
GFP expression except that GFP si RNA (Anmbi on, NO
4626, USA) of 0.25 nnol and pEGFP 5 of g as
transfection materials were mxed with a specinen of
10Qlable®® illustrated in FIG 36, G-P expression was
barely observed when enployed with a m xed sol ution
of GFP si RNA and pEGFP as transfection nmaterials,

whi ch suggestpct hat PECFR,qnd, siRNA ver e gklye
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USA) is spin-coated on a silicon wafer to forma rmld
mast er of 20 aimthickness. The soft baking is

17, PRAL SRS bPsiRNA
CHO cell line (ATCC:CRL-9618), HeLa cell line (ATCC, CCL-2) and
SK-OV-3 cell line (ATCC, HTB-77) were employed for experiments. The

electroporation was conducted in the same ways as in those of 1-1 to 1-4 to
observe the GFP expression except that GFP siRNA (Ambion, NO. 4626, USA)
of 0.25 nmol and pEGFP 5 of pg as transfection materials were mixed with a
specimen of 100ul. As illustrated in FIG. 36, GFP expression was barely
observed when employed with a mixed solution of GFP siRNA and pEGFP as
transfection materials, which suggests that pEGFP and siRNA were all
effectively transmitted within the cells and thereby the GFP expression was

inhibited by the siRNA in the cells.



make the mask pattern on the SU-8 coated silicon wafer
by the mask aligner (MA-6, Karl Suss GrbH, GCernmany).
SU-8 pattern is exposed to |ight, and post- exposure
bake, devel opnment and hard baki ng process are
performed. Then, m xture-§¢9dylgard 184, DOW Cor ni ng
Co., USA) of PDMS and cure agent is poured on the
pattern. The curing condition is 90 C for 30 m nutes.
The PDMS | ayer processed by 25 Woxygen plasma is
Prefeoed| @dbodinenyl Zasdesivhsirnthe dxpefiorent af $SKOOV-3heiingding a
2 2 cell preparation and culture SK-Ov-3 cell (ATCC,
fER-S7 iad elegtroperstionmpaarad® i ncubat or of 37 ' C,
hum dity 5% using DVEM (Dul becco's nodi fied Eagle's
2-1.ypenufayturiageplmisio ghannehskuctunect i vat ed Fetal Bovi ne
Serunm(FBS, Sigma), penicillin (100 - 28 unit/m),
streptorrycin (100 gg/m) and L- gI utam ne (4 nm\).

{1 S Bl SR Re TR T A %xlpggﬁie%]wésso%o”fducted
107.
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confReREane Wéﬂsﬁﬂﬁlélﬁiahﬁfhc't&l ea Hy Mﬂ&h@&!ﬂctﬁ&dmb%dmge%? thefke.
into nucleic acid. If menbrane i s per
Thetdhankél anieuedtdpeciortd- stu&fiﬂgllﬁmﬁ@&’@l\ﬂ@r@ Wrtdbl! lﬂﬁérﬁijCtmed
acid to emt a red fluorescence. As the intensity of
witht He medn height,es cmnoadengsth ahelt Hnfon®) ban trhevidthoufithe ohannel.
Pl conbined with the nucleic acid, it is possible to
HOW,oninS@Qalrd |lfteata|pp@16ahaﬂhylsnile Chattrieé patesentvas formed by
experi ment, ng/mM was applied to cell nedium
phOﬁOHtH%aplaﬁulae@pdlussz Photomassscas ex@rplagrenol all, negative

fluore t n) extracted from Aequor ea victoria
phoRs&H (M geMigrasssi Mpsssduesiiss S brsne featrvan a silicon
waférntoefromgl aflot® ﬁ?ars%r oft20 (1 tﬁlmlknessy The soft baking is performed to

make the mask pattern on the SU-8 coated silicon wafer by the mask aligner
(MA-6, Karl Suss GmbH, Germany). SU-8 pattern is exposed to light, and post-
exposure bake, development and hard baking process are performed. Then,
mixture (Sylgard 184, DOW Corning Co., USA) of PDMS and cure agent is
poured on the pattern. The curing condition is 90 T for 30 minutes. The PDMS
layer processed by 25 W oxygen plasma is coupled to a glass substrate to form a

micro channel.

2-2. cell preparation and culture
SK-OV-3 cell (ATCC, HTB-77) was cultured in an CO, incubator of
37 C, humidity 5% using DMEM (Dulbecco's modified Fagle's Medium)

supplied with heat inactivated Fetal Bovine Serum(FBS, Sigma), penicillin (100




used in the fields of biochem stry and cell biol ogy.

The GFP is used as a gene expression nmarker of

protein targeting in cells and organs. In the present

experinment, plasmd isolation kit (Pronega, USA) was

used for extracting and —&fining pEGFP-N plasmd for

transmtting GFP of colitis gerns E. coli. The

extracted plasm d DNA was checked on an agarose gel by

way of el ectrophoresis. The concentration of the
unitphdsstieptovagciaetl O0 mighad) od redstaniing (4 meMabsyisinEd b was

260 nmwith a spectrophotgmeter Before the pul se was
usedappl seratpl eslid drpBEGEP- ci MSleap}letllél@gt dlask. sﬂél@l gl cell

in the concentration of O. A reporter F
susperpipasinsanisaion yeas adjusigd '@ai%b@l éﬁ“sﬁﬁﬁc&l@fﬁﬂmva rate of

transfectlon In qrder, to inspect , the expressi.o

celli @licsviagpbs cppligaap Of MHdS HPS disRR 38 & diTe § Bivoragh wiability.
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cell%ééﬂﬁlaﬁé ?&?ﬁ&c‘ﬁﬁ% goanl%ﬁg%%li?ﬁ‘a‘%Etlnge?{ed ifho R&cﬁélrcfadcﬁcp If the

an ectroporation A

?%éﬁﬁ@n@ Qs g@hﬁ&ﬂfl@ PRE alil' MeSAPLERESd Recombined with nucleic

orenentl el ectroporatlon appar at us haV|ng a

a(;ldC"ﬂ?"é'ﬂ?i't asﬁé&%wxéﬁce%@@ckﬂeﬂresiﬂiﬁﬁé@g ofefiibefed fluorescence is
home- made hi gh vol tage pul se generator, Pt el ectrodes

detcihanbehiechimodeat bOPUeombinkiewidl the spebiicracs!, pir iegauseithle to
in the aforenenti oned 2-2 were introduced into one

perfostnl quantithiivey anhbyseshaimneie pyerens pegienerenst BIf1. Agmg/ml was
menbers to be filled with cell specinens or to allow
apphed exedbmeduantin the vtiosyfelc20éwvio be filled in ot her
wells by capillary or water head pressure action, or
to allow the wells and specinen- stuffing nenbers to
belnfused unping. By fixing the electrode hol der
@wsmq:ﬁ%g Tugnsacedt @bqt%gﬁéffﬁﬁ% fﬁ@n SRIee Victoria
bserved under ati.on o
bas ﬁﬁviggm TR s sgen pheCecGendi gt GaBfisn s agieoly
used O The fields of biochemistry and cell biology. The GFP is used as a gene
expression marker of protein targeting in cells and organs. In the present
experiment, plasmid isolation kit (Promega, USA) was used for extracting and
refining pEGFP-NI plasmid for transmitting GFP of colitis germs E. coli. The
extracted plasmid DNA was checked on an agarose gel by way of electrophoresis.
The concentration of the plasmid was determined by measuring the absorbance at
260 nm with a spectrophotometer. Before the pulse was applied, plasmid pEGFP-
NI was applied to a specimen in the concentration of 0.1 ug/ul. A reporter gene
expression was used as evaluation of successful transfection. In order to inspect
the expression, cells exposed to electric pulse were cultured. After the pulse was
applied, the channel structured electroporation apparatus was dipped in the

DMEM medium, and placed in an incubator for 24 hours before EGEP



conmput er via an anal ogue out put board (COM - CP30I,
Com zoa, Korea), and was controlled by LabVI EWver
6.1 (National Instrument, USA) program In order to
verify the performance of the el ectroporation
apparatus according to theggpresent invention, our
experinmental results were conpared with those of
square wave el ectroporation apparatus (ECM 830, BTX,
USA, see FIG 2) and cuvette of 2 mm gap equi pped with
exppasi@hlisspeakion Ronval edturodes pliseerdde ks cbndastdéextept for
analyze the performance of said two systens under the
O, plastva & gt migofchehee! devio# cn), the cuvette was applied
with an voltage of 200 V, and the mcro channel
devi ce according to the present invention was applied
vviéh an voltage of 2 W The channel w dth was changed

EM%&@OO rim 300 um 400 Agin, and 500 gnn,
thelr atehedy HBFFoRRRIDR - ontEiscon Hhaatpreguper 21
R A MR
honf B8lc 1P RORRAE plllse bonePRoB I WP Ay Sl IRger
The%eﬁi%;ik@%né’ﬂl_ﬁﬂeﬁlﬂfeﬂ ihafip a%l‘élﬁé%goﬁgdi ?IO{ Wepd gnt&)dug:eg%té)oone

was used. i ght was opti cal tere

weln o thashahnditope sposinidnestliffgy BREENSGS to bBAUERPwith cell
fromthe electroporated cells was filtered by 590 rim

spediorgs pags dloht en excésyagandiy bespéditieanodAORB0d ph xeha wells
were obtained with a rate of 15 frames/sec using

by cpilbiry @CPatcarerd pf@COQre Ketidreion toGdiovarily welkearmk pesaden-
time of 10 ms was given for all the cases. In order

stuffigg ghewbois tohke finlused byepepingl &y Gaingtheetlectrode holder on
viability and GFP transfection, the excited |ight was

the fnfqraseapepyther slecgronpgmpatingp asecess | cetld Hed obRerved under
..nduced. f | uorescen was fi|tered by 520nm | ong pass

apphAiegyor ClpsHsEUTs TPeduelyPURCSaOREEeRTRET Wey rnceied to a

com%gﬁeg'isglﬁ?@?%@%g& %%lt&;[t g&aﬁd%m%ﬁﬁE,(ég\fln[xzze’o%?’liorea), and
was controlled by LabVIEW ver 6.1 (National Instrument, USA) program. In
order to verify the performance of the electroporation apparatus according to the
present invention, our experimental results were compared with those of square
wave electroporation apparatus (ECM 830, BTX, USA, see FIG.2) and cuvette of
2 mm gap equipped with parallel aluminum electrodes (see FIG.1). In order to
analyze the performance of said two systems under the same electric field
(IkV/cm), the cuvette was applied with an voltage of 200 V, and the micro
channel device according to the present invention was applied with an voltage of
2 kV. The channel width was changed as 100 m, 200 a, 300 s, 400 zm, and
500 ym, and experiments were conducted using PI relative to the five cases. For
GFP transfection and expression, experiments were carried out for 10 ms under

various pulse conditions from 0.75 kV/em to 0.25 kV/em. In order to observe PI




2-4. results Wien an electric pulse was applied in the
cuvette using Al electrodes (see FIG 1), air bubbles
were el ectrochem cally generated on the surfaces of
the electrodes to formtwo |ayers of liquid and gas
phases. FIG 37 illustratesg@an A el ectrode surface
before (a) and after (b) the application of electric
pul se when a cuvette equi pped with a conventional Al
el ectrode is used to performan el ectroporation.

absdrpfB 7§ DeveRevshair flbolebtas havroscbpen(LXgoe| &tympds, USA)
surface. The air bubbles are created very fast and

equngpe@ mathe] @0 Fonpércont kang agdix@0 obpect et (0.4 heA saisl uséd. The

ubbl e novenent, in cooperation with the

lighewes bptphity E¥ceeddoy kg 0paD sen hppd pest fiier, andghe tﬂsmi@’scence
an uneven state of bul k nmedia _and cells. Further

mdwdnﬁmrﬁhpselacth@n@meaﬂ cadlsspey flisrad Py dh nam long pass Hilter.
(AL2CB), whi ch act hi gh t

B

o BT B LA G 0.

wasfg)igcl:ra f%]t gtl I%@t &tgsheghgn ogciél' t%e(igs%g‘fé gtle ﬂﬁ?retsc%}lc% r%patﬂ%ta cell
v1ab?l| tS/ r{(f)é?Pn@{u‘?srfé@lorﬁ e é%% l?b%?m \%yﬂs ﬁﬂ%rdﬂr 295 + 5 nm band

I on preven e alr OrITHtIO rom

passdfftﬁtgtaln}fl the WBEWHG&&&HCQG\V&SOE%F@F&[J 5A8ns T8 %atss filter.

ugh the medi um novenent he cuvet

zmag\&e@sﬂdaordmnamo b(@ﬁw@f@oﬁtfaﬁﬁide@sm$ aSdol@YLT Cm@ camera
nmediumin the electroporation apparatus having a

(AVEEBD0e Pasdgontd, WWARccording to the present invention
can maintain a stable condition because of less air
bubbl e i nfluence. The m cro channel structure
accordlng to the present invention is excellent in

~NEesl i zation and is not visually affected by
electrodes such that nechanismof the
el ebthesporalestos m’éﬁ‘r‘? vas oprlied wth§tqylaﬁfé@ ugige Yy electrodes (see

ni.cr 0s and t ik intercal ati on raeand
FiGel)e @il BEE WEIg eiptxﬁ)pggxgé@? yngﬁ’é‘?}ff‘F OR q?ngcgjrr aces of the

eleclpﬁggg ﬂgiﬁt :éq? rt‘w% Iayers ofr h&]t%dta%% gelis pf1ases Ff(frT% Mustx ates an Al
electrode surface before (a) and after (b) the application of electric pulse when a
cuvette equipped with a conventional Al electrode is used to perform an
electroporation. FIG.37(b) shows air bubbles formed on the electrode surface.
The air bubbles are created very fast and generate a complicated liquid
movement. The said air bubble movement, in cooperation with the
electrophoresis during pulse application, results in an uneven state of bulk media
and cells. Furthermore, aluminum is a material easily formed with an oxide layer
(AL,O4), which acts as a high resistance layer. In the electroporation apparatus
according to the present invention, the air bubble formation or the complicated
medium movement was not found, which explains that the electrodes positioned

only on both the distal ends and the chemical stability of the electrode material



was observed after a pulse was applied to the
el ectroporati on apparatus having a mcro channel
speci men-stuffing menber according to the present
invention. If the sanme scope of electric field is
applied in the conventionalzisystem the PI
perneability process was detected fromal nost all the
cells within the mcro channel. FIG 38 illustrates an
i nfusion process of Pl in a 100 /. mwdth mcro
(Pt)alsadnelthe Rrgietit afveatiohgeapplthe ats ubbdé fouhaton Romwasectly
infused only froman anode direction. As tinme goes
infligncingenfthespesoens eAsasredild salplaiueh il budkenedine movement
interiors of the cells (c to d), and after 10
in thecymetsc viigeeinubp anc babﬁﬂ@s gracresded ¢ padhgtde medium in the
fl uorescence (e to Qobservation directly reflects

eleCﬁl}?@Oﬁﬁ*l%ﬁP%%&S. %%‘1’168 %@t}amq{gsmt%mﬁh@cq%m@ tza éla;q gresent

e function of o rV|n 1n eal i in a
quqt\?ﬁln{ja“c glaintan a 2@5@ %Q@s%@giggseap‘ e mﬂuence
t he .. basi

B R M it gt A
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according to the present invention is very useful. -
32 2-6. electroporation effect based on channel w dth
2-5 chengestiomrat agt etpoapdrateabd NP Praddss ifpéecfigna mcro
channel specinen-stuffing nmenber In the
el edt opbratdductiappd’ Bt dering hke innitlbgsd {msplunit in the channel
fluorescence relative to dye absorption is
wasditfseaicdrafley copigles ved appioddd ige electrbporitimnneiparitds having a
. If the same  electric pulse is applied, the intensity
micky channiel spacimeannstyifing mambertascording dpIthe guesent invention, If
decr eased t he 0%1 width increased. FIG39 is a
the S0E ;COBBI %‘ﬁ@ﬁl@g agfﬂlsof-ipplé@ i thecgggentignapisygtem, the PI

Cro hann S eac havj n

per AR et DR BB S35 a4 icr
cnaf PSSPy P SFR (R oL NGNS micro
cha 12kt F%HE afﬁé’??h%g;félgb?ﬁtlﬁhgof}f@gsec qﬂf\!vﬁ &%nlgl from an anode

sorption o ré chann
duectlon. As time goes by, the fluorescence was d15$1pated all over the interiors

of the cells (¢ to d), and after 10 seconds, the nucleic acid started to radiate
fluorescence (e to h).Observation directly reflects the PI characteristics coupling
to the nucleic acid. The function of observing in real time in a single living cell is
very advantageous because it can provide an important information about the
basic cell process. For example, by way of detecting FRET (fluorescence
resonance energy transfer), the oligo DNA pair in the cytoplasm can be observed
in being combined with c-fos mRNA. Because it can be directly observed in real

time, the micro channel device according to the present invention is very useful.




a narrow channel wdth (100 gm is mnmuch greater than
that of cells in a mcro channel having a broader
channel width (500 tim). In order to conpare the PI
absorption relative to five mcro channels each having
a different channel w dth; 32inmages were photographed
at 15 frames/sec during the experinents. |mage
process was conducted at every 50 frame. By using
graphic software (Paint Shop Pro 7.0, Jasc Software,
2-6.USAMtrawatatvbd LefRecp rieged ron( bharinad rkglth |abangedJGAelectamporation
average intensity of the grey scale unit for the
appdratisdreurnma wasreschannaciped imen omffing mempescal e uni t
for the cell region. A conparative data relative to .
t helnpthe dlpgteonsiraijon apparatist the erfensitrpGllagrespencsarelajéve to
noticed that the channel width affects the Pl
dye absyppen ondiswenils ebigigedaerps mgctopigfa Shesnsl svidih, dpthe same
the el ectrode in the cuvette based systemwer .
cleckii DSlog o080 Je<h g IHlen il of HEVeirly SRERIREROI 1N Cofhission
m crp channel specjen-stuf,fi nbers shoul-d
docrgripee st phenaf SR BiC BE BF P et P RiE afGiogramh of
el anal yzed | g el d.1.The :
el P ARed TE PE SRS BRANATES uftfe SanhofSen g o
O L e g Y eyogonds
of pul dPblicAtibn kWherie ke blek&id Figldvas IMRYRSH f d pWisBGuration
the exposure to the electric pulse were obtained 25
wasSIECOR AR vafst@mnflrhrdnbhisE #rplptedi bOociisExposedotchahhe BFing
el ectric pulse, the cells were imedi ately swel | ed.
a ndft@v £hanh¢lusidtht(d90amcels| msichegresteatigen Heft arfecedlsdn a micro
after an electroporation in two mcro channels, each
chatvzoli g adbfoadeie phansted rimisith iS00 npf [ Sodegrio( egmamg the Pl
500 lin(b), respectively. By using . Aut oCAD 2002 ,
absqptipndekkive tadive osay chaneels éhth dpuing: 2 fiffarentehvanghyidth,
. measured and increased rate relative tpo dianeter
images oreet potparapbed pil il e al PBIPS(RES @wwtg@ SEKPETIRGS | fRage

_the cell 8I anﬁter at ? f m ¢channel wi dt.h iﬁcrea d
ProcippeRIdhlLry @GV%%?OZ Ec I L e & %abejfamt Shop
t t 9
pro Zaffed FEEte LRATRHEME EL REL PRMEb Mol U5

an %r{igees Hlt%ﬁﬁt)r bPMhe grey scale unit for the background was subtracted

from the grey scale unit for the cell region. A comparative data relative to the PI
intensity is illustrated in F1G.40. It can be noticed that the channel width affects
the PI absorption. Because the geometric parameters except the electrode gap in
the cuvette based system were not seriously considered, the said phenomenon in
the micro channel specimen-stuffing members should be given a special attention.
The effect of the electric pulse to the cells was analyzed in bright field. The
bright field analysis method was conducted under two conditions of 150 /m and
500 m widths. The pulse conditions are the same as those of other experiments
(10 ms in I kV/cm electric field). Images following the exposure to the electric

pulse were obtained 25 seconds after the pulse application. Exposed to the



the different degrees in electroporation. Fromthese
results, it was confirned that geonetrical shapes of
channel cross-sections such as channel w dths or
hei ghts during the el ectroporation of mcro channel
speci men-stuffing menbers-should be considered. 2-7.
cell culture in PDMS channel specinen-stuffing nenber
PDVS is a material appropriate for the cell culture
system of channel device due to its biol ogical
clecsic pabiel ithy celirdweer maatzdiately. svBelbaldd G 41 ubuatdtys b aklssize
24 hours to express in cells follow ng the
chaegebeiospendtifion anrel@ErRRoratams rebrd anicrexipamieterbch htving a

Is ne ry.to have a cell culture function in the _
diffpiepp chenasls Pedi Bh BX¥heR(arerd 1300t He(tDnapsRsctively. By using

Au'ﬁP%%@%St Ufé#égt fr@gbﬁéé\%ﬁﬁrecd%ﬁl@meméagﬁ%@e Reis measured
and TSR AR G115 o it tﬁT BeE the iF abpRraiitvar felgulated

AR SHERSRL ARG P 1501 BN ARl S 55 sy o

23% nﬁl‘éb@élf’rm&%t%e? %1?670 {1‘ %%ﬂne’ 1t Nk R3s&d fagp [ddihGiely by

resul t thereo [ asma process

109600t §08 dREMBntO rd] Pﬁve &% ﬁ@clﬁ%ﬁeF%ﬂﬂH%@%s tP bter}%ﬁﬁ@\@fmm

channel devi ce. oW ng resu
the QIFS@ENDBAdgRBesOM él@@rdﬁirhﬁo@rﬂ oﬁﬁ{He§e fsul @it QAL @dnfﬁm&i that
of the channel, it could be noticed that the cel
geometrécalshhpe Sﬁehaiﬁiél erodshectfibepkucting aben@ldvidths or hezghts
maintained an Y 2i |i - 34 excellent condition. The
duriggl ths dlecttdperateort pélmichachahnedfspbOiniayscian medmbérdtshould
still survived, but conditions thereof were not good
be copgidermda 42(a)). It seens that the cell culture was
i1l affected by lack of fresh culture nedia and C02,
and cranped physi cal space caused by narr ow channel

W reI at o, t he channel
2-7.¢ce cu lture In Hﬁflé channel specnnen—stuptg ng member_

PDMS is a material appropriate for the cell culture system of channel
device due to its biological suitability and permeability. Because it usually takes
24 hours to express in cells following the electroporation in EGFP transfection
experiment, it is necessary to have a cell culture function in the EGFP
transfection experiment in the channel specimen-stuffing member according to
the present invention. Inspection was made as to whether the channel specimen-

stuffing member could be used as a reservoir for cell culture. Cells were infused

into the channel and the entire PDMS channel device was dipped into the cell

medium (DMEM), and stored in an incubator for 7 days. FIG.42 illustrates a

culture result thereof. Only the O; plasma process for coupling PDMS to the

glass was conducted in the PDMS channel device. Following 7 days, as a result

of observation on the wells and cells at the distal ends of the channel, it could be

noticed that the cells were well dispersed on the floor surface and maintained an




FI Gs. 42 (b), (c) and (d) also illustrate a result
wherein cells are cultured for seven days in a mcro
channel s each having a different channel wi dth of 150
gm 200 ftni and 250 zmrespectively. It could be
noted that the cells were @attached, dissipated and
successfully noved in a broader mcro channel. As a
result of the aforenentioned experinent, it was
confirmed that the cell culture was possible in the
excetleattomfitioat Tha calppar tieusnaat ohatined) of 60t he gresehwidth still
invention. This shows that many advantages coul d be
survpredy bdedomditings tidrboft werer matl gaddvsee iFdGadA(apt (toveems that the

function in the study of various cells for a |ong

cell ciltwre wag tthaffaesed bytlaek ot fissh cuureanedia anspaPat add cramped
according to the present inventi gn fo,ul d bgﬁe ect ?!g%/

physied FPage Sianid BBty dhpapelny dthactaiyce® rtnie& gth.
roteins wthin a ljving cell, for a |long ti b

FIGEE ) nanthd OB ilartrafh diseu orieamartears Bl Bldepseven
expressi on,.i - ON- el | A Dl l.cal ri
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sj.on. i r fi.al | gct R Se

i ORI TRR Rl T B2 oro LTl AR S Y e

. Thi St ] ondi,t.|
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afor8h&nGb 8L EORIASAON wARRMIRIIERL thahheSRl I8 @S WdsPossible in
field condition was too harsh for cells in the channel

the dksisporaeon appstat®acbidifipng thepbaest inleatice! Thiswhoess that
i nspected after 24 hours and a result thereof is

manly! hdedmaged conldFbe. pdviddd alongouitd the read i thme wisanlization
the cells are not under an excellent state to be

fundiiogsiipathed sbriyt o Faooss s abe. aTheng ftimer dsethecaonss the
not detected. The electric field adequate for the

electraperationyappatatke peeprdingctor tbp arrazans tnvappianaouwsd bs axpectedly
straong .to be adopted for the chapnel structured . .

usedeuwtwiﬁaﬁa&islhsﬁragmgaﬁhgtregtt‘a&fdpaﬂwze PEPtERS itligehliving cell
invention, so the electric field was changed in the

for 4 Riiga e by Benddar e SuaEu Aoy os ent
experinment. As a result thereof, the cells were
successfully infected in the range of 0.4 kVicmto

2-8 B R Rignth §k- 9”83 ¢enfirmed that green

T aorestelice
A biological experiment was carried out by EGFP which is widely used

as gene expression marker, First of all, an electric pulse of 1.5 kV was applied to
induce an electric field of 0.75 kV/cm for 10 ms. This is an adequate condition
for infecting SK-OV-3 cells using currently marketed BTX electroporation
apparatus. The said electric field condition was too harsh for cells in the channel
structured specimen-stuffing members. The cells were inspected after 24 hours
and a result thereof is illustrated in FIG.43 (a). It could be noticed that the cells
are not under an excellent state to be dissipated on the floor surface. The
fluorescence was not detected. The electric field adequate for the currently

marketed electroporation apparatus is too strong to be adopted for the channel



was expressed. The nost preferable condition was 0.4

kVicm FIGs.43 (b) and (c) show the result thereof.

Fromthis result, it was verified that the energy

efficiency for electroporation in the el ectroporation

apparatus according to thezspresent invention is far

nore excellent than that of using the cuvette-type

el ectroporati on apparatus. As nentioned earlier, the

i nfusing process can be visualized in real tinme using
struttuecd ahetebecitionpappdrhon agpatiag us thecmesdmaintontihg so the

present invention. In the electroporation according
electric tfipdd reashollangfedt hre thor earaget of VN kiVGom tch@.75 kV/em in the

generatjon of air bubbles and conplicated novenment of
presgef exprsanentand aciesild thateek tiweclsbaeresagcetstilby inferted e the

o PV S LS R e S e e
s S RRSRET SR it EL SRS LS 9 e
© UEHSHTRHBURRRS 0t U5y 3R, G SR Pf R gneey
eriGehds ol BRUSS Al B LAN RS RGy TRARDE o e

presth€Gh{ QRRIMAYLS 98y aRBAY %&H&g&ﬁcﬁﬁﬂi {1 hPﬁlngﬁ?%ﬂ(f@tt@»type

i nvention. Furthernore, ecause the cells™are
elec@bpbtatiopaipphrdud.n a capillary, pipe including tubing
or mcro channel, the electroporated cells can be
effectively retrieved and used. The thin, |ong and
hol | ow structured speci nmen-stuffing menber enabl es the
curAemerntontt marlionkthe trtfusng protes ranrbaw igiglizeg, insteahtime
~that an even electric field can be provided r - 36 in
usinghidespens plsptrepuffionggppardies acorgingeth tiet presérg invention. In
conventional broad and short cuvette. Therefore, it
the jedeqhippordian tascpetng etoethererwsuiofi g Present invention, the
The el ectroporation apparatus

gen%)g( g{;g&ﬁ%&% ndlﬁl}l(‘égg)%iphcated movement of cell media and cells
were not observed either. Unlike the cuvette, the long, thin and hollow specimen-
stuffing member restricts the current direction due to its geometrical structure, an
cven electric field is formed on the entire specimen-stuffing member. The

uniform environment in the said specimen-stuffing member enhances the

material absorption rate in the cells.

[ndustrial Applicability

As earlier mentioned, cells can be easily electroporated using the
electroporation apparatus according to the present invention. Furthermore,
because the cells are electroporated in a capillary, pipe including tubing or micro
channel, the electroporated cells can be effectively retrieved and used. The thin,
long and hollow structured specimen-stuffing member enables the current to flow

only through the narrow piping, such that an even electric field can be provided




i nvention has the el ectrodes and the speci nen-stuffing
menbers, which are attachable and detachabl e
therefrom to allow the eternal use of platinum
el ectrodes of excellent performance, or cheaper
di sposabl e el ectrodes, suchgthat the
speci nen-stuffing nmenbers can be conveniently di sposed
for one tinme use. As electrodes of excellent
performance are used, the generation of oxygen due to
in tHecsprpnsedsudlieg @ember neimmredfwnRti@l d@RentdamlbBroad and
reduced. Furthernore, there is little |oss of
shogpeavattns . THenefaddi ti ol, pespbld nentrsdean dreorsomeludtieg from
with only a small anmount of speci nmens because the
expstmichtah mouditioss. $pealentrapocainotbepparhtusdccprdingdo the present
retrieved fromthe specinen-stuffing nmenber and

invgngton; Beedheyeleetredasopad dhe ospecruepBHRDE einehipeps. opduiiehy are
attaghibli anst i bl TostRITDE al GHHEDY CBP1 Segpensaretl Biptinum
e b SR Tt RobtoE b e W gRRA Tk rodes such e
S I CE R
s ARRELRELSPORERAAN AL ALY whel ROHERORLE RRTggn gue v

dec%ﬁplﬁ?éﬂ QhtRRR Y HARI AN EhRE4INbAs P4 B8 rQducthiefLfthérmore, there

ses to a specinmen including the cells, conprising:

is ligle Rs§OF kPRARRME Ot ARRAGAL SiSeridfcht@ cv b @of@NaEALAtL only a
for generating an electric pulse, wherein the

smadll @abieper dctne@ppasaateishd sthhheim@amefispesineds|c@ande filled
hol | ow speci nmen-stuffing nenber of non-conductive

in oaderctaleyed fieser Vo rspeoimemsadiiad manber fdnd diegrieved by
communi cate with a distal end of the specinen-stuffing

eletropopation. Bwdhernpires Sur praperiyt edmirelfingeties pressurec machtaiging
the other distal end of the hollow specinen-stuffing

meags b dar gecr NPuRtde L spesiirgniceat ke enlematiceHpsaperimenigbsad by

.Wth . . : : .
using a plurality of electroporation apparatuses in parallel, optimum experimental
conditions can be easily created, enabling to process several specimens at the

same time.



an electrode insertion unit, the reservoir is disposed
Wi th an el ectrode contacting the specinen or an
el ectrolytic solution, the specinen-stuffing nenber is
filled with the specinmen by the pressure maintaining
nmeans, the specinen or theselectrolytic solution
filled in the reservoir is connected to a distal end
of the specinen-stuffing nmenber for fluid
conmuni cation, and an electric pulse or electric
pul ses are applied to a@lsimectrode contacting the
speci nen or the electrolytic solution filled in the
1. Arsdeciviporaihen tshysteot Her ietreduciogefdreiger materiais dntcheells by
el ectrode insertion unit of the connector to thereb
cletigperatingpeslhreenh@nge dyswiy afpipee agldcii¢ golsenon héct:ic
eci men-stuffin % nmenber, 2. The ,system according to
p““@?&?ﬁﬁﬁ?”ﬁﬁ@ﬁ@ﬂﬁ ?ﬁ§h§§@gﬁﬁﬁﬂﬂﬁmﬂﬁging menber has a
i tudinal length (L, cm to
hoﬁ?&@%ﬁ%ﬂngﬁggaE@ nﬁpdarea (A, cn2) in the range
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An el eCtroporation system I ntroduci ng forei

as t@&hﬁﬂlyab@nlrﬁirﬂcai@'\ixﬁh abifisl eindose H?é ls;ﬁ@:n%@hlstmmgr ﬁ‘f%ﬁﬁ)el,
by way of applying an electric pulse or electric

and pyressrd madntapecg ank cohuelited té te: okl distad @AErdfxhadollow
an el ectroporation apparatus; and a pul se generat or

spedimengéufénagt inagbanteflectly iconpolusieatewie meionntdter disposed with
el ectroporati on apparatus further -conprises: a |ong

an elggiodwinsspéen #eii- st uf fi ng menber of non- conduct i ve

material ; a, pressure maintaining
the reservoir is disposed with an electrode” contacting the specimen or an

electrolytic solution, the specimen-stuffing member is filled with the specimen
by the pressure maintaining means, the specimen or the electrolytic solution
filled in the reservoir is connected to a distal end of the specimen-stuffing
member for fluid communication, and an electric pulse or electric pulses are
applied to an electrode contacting the specimen or the electrolytic solution filled
in the reservoir and the other electrode inserted into the electrode insertion unit of
the connector to thereby electroporate the cells in the specimen filled in the
specimen-stuffing member.,

2. The system according to claim i, wherein the specimen-stuffing member has a
ratio (R, cm™") of longitudinal length (L, cm) to horizontal cross-sectional area (A,
cnf)intherangeofSOto 10,000.

3. The system according to claim I or 2, wherein the hollow specimen-stuffing

member is a capillary, a tubing or a channel.




means connected to a distal end of the holl ow
speci nen-stuffing menber for fluid conmuication; a
reservoir connected to the other distal end of the
speci men-stuffing nmenber for fluid comrunication and
di sposed with an el ectrodggcontacting the speci nmen or
an electrolytic solution; and a reservoir hol der
equi pped with a fixing unit for fixing the pressure
mai ntai ni ng nmeans, an electrode termnal electrically
conhedhedsysemhecdardingg toindlhimnt an 2¢l whereddemore than two
termnal electrically connected to the el ectrode
electibppasie apatdtesasesenuaiged whearallel. t he pressure
mai ntai ning neans is a pipette disposed at part of.
t hed.bbddyeledieonesition swtamcgwdutrﬂdu@ng&nmgm matgriaky into cells
nmovabl e el ectrode di sposed inside, the . .
by elgfeenaraiing coll meabiREAbBY W&y Phaplyk® Foeleeimpiise af elsstric
with a piston, nd erﬁin t he .hol | ow
pulsgp B FRFCIEIEH IPF NG eSS IS SCUTPHYNBY det ached and
attached to a..t nmount ed ahaft of the pipette, the

movHbf CEPBWPB%%W?%%@Q or lowered to a distal
g . - 2 : .
butt BisbBEnERES (e atlibk I8 ETRERURY, 2 CoPr oSS on
et e . O . .
Sy L BT ol e Lyt B0l
spedthRB-stBHANHRHbS off ABn-BhBRLHR: BOAYiAIS o€ %?ﬁliePﬁiaIiMaining

connected to the electrode termnal via the fixing

meauBi donnettetih® neatistavehd dwolidehollowedpepimen-stuffing member for
speci men-stuffing nmenber is so positioned -39- as to

fluid | ¢ordinuicniomna caservoirt ltohhectsppetti ke othet hdistal end of the

el ectrolytic solution stored in the reservoir, and an
spe@ireatsti gl rsember efoectlnidc quuhmesicatien appd | didposed heith an

el ectrode contacting the specinmen or the electrolytic |
elecgrorat ¢amagding: &b speaimenr e apvalieetrolytict spdwiepry, and a reservoir

el ectroporate the cells_in_the apeci men filled in the
holdgs eguitedswih g gingrib & fEingthe PEGSSHETNAHHB AR gngags, an

| aim4, . in t ' -st uffj mber, h
elec:‘.:r nggee‘xﬁm ﬁ{:leé:tglrca 3% S e%lp{tﬁegllnf,p(sﬂtﬁ@ efj'ﬁygxgg ler%t fgﬁ a?lge@ctrode
terlnl]géll ezlgcr:]ttriaclallgfrcgfcigécted to the electrode disposed at the reservoir,
wherein the pressure maintaining means is a pipette disposed at part of
the body thereof with a conductive contact, and a movable electrode disposed
inside the specimen-stuffing member is inserted for communication with a piston,
and
wherein the hollow specimen-stuffing member is directly detached and

attached to a tip mounted shaft of the pipette, the movable electrode is raised or
lowered to a distal end of the specimen-stuffing member by a depression button
of the pipette to fill the specimen in the specimen-stuffing member or retrieve it,
the pipette is inserted and fixed to a reservoir holder inner pipe, a contact of the
pipette body is electrically connected to the electrode terminal via the fixing unit

of the reservoir holder inner pipe, the specimen-stuffing member is so positioned



sectional area (A, cnR) in the range of 50 to 10, 000.
7. The system according to claim5 or 6, wherein the
hol | ow speci men- stuffing nmenber is a capillary or a
tubing . 8. The system according to claim5 or 6,
wherein the novable electrgde is a plastic of which
surface is coated with conductive material. 9. The
system according to claim5 or 6, wherein nore than
two electroporation apparatuses are arranged in
as tpdhadllyedomibOnicAte withche epariaich @t thy steemol @ic solution stored in
introducing foreign materials into cells by
the edsetvaopamdt dmglectid pulsetor @hesribpulvay aoé applidd tntheagiectrode
electric pulse or electric pulses to a specinmen
confaglpg dha gpenbneelorsthe cdagirolstiagiohatioresswed dpothat teservoir to
apparatus; and a puJ se generator for generating an
fhef@ﬁfé&l?qttqp%%r?s@? RS & etﬁ?,fce%@tfm)%‘gﬁratth%ﬁpg@mtuéﬁng
further conprises: a long hollow specinmen-stuffing
melﬂﬁ%er of non-conductive material; a pair of wells
for n_the sane substrate. as,that of the hol.l ow
speér“ieﬁ‘é -§¥%$’Pi AGCFESR 0 AR o1 W%bﬁﬁe&leeép?cal rfiuffing

i : ' - fii _fluid
merfh Bl RIS . o SPER LN IR (S PRE aBlrbad) Fross-
sectRitad §redl(AC!c8S rihwl%geg)fts@ th® peci men by the pul se

generator, and | R -740 whereih the el ectrodes are

| NSErTRE sifteinhgcdtRling thelagls ¥hbchntR8n 8heSbllbs se;felcgnenm

pul ses are applied to thereby el ectroporate the c

stuffing tonembgeis iangpilsdryidriangbingenber . 11. The system
according to claim10, wherein the specinen-stuffing

mendherhdastan ratomlifdo cdainp Safr @ Wigergirt thdimatablesigttrode is
(L, cm to horizontal cross- :
a plastic of which surface is coated with conductive material.

9. The system according to claim 5 or 6, wherein more than two
electroporation apparatuses are arranged in parallel.

10. An electroporation system for introducing foreign materials into cells
by eletroporating cell membranes by way of applying an electric pulse or electric
pulses to a specimen including the cells, comprising:

an electroporation apparatus; and

a pulse generator for generating an electric. pulse,

wherein the electroporation apparatus further comprises: a long hollow
specimen-stuffing member of non-conductive material; a pair of wells formed on
the same substrate as that of the hollow specimen-stuffing member and so
connected to both distal ends of the specimen-stuffing member for fluid

communication, and electrodes for applying an electric pulse or electric pulses to

the specimen by the pulse generator, and




sectional area (A, cnR) in the range of 50 to 10, 000.

12. The system according to claim 10 or 11, wherein

the holl ow specinen-stuffing nenber is made of a

m cro channel or mcro channels. 13. The system

according to claim10 or -14; wherein nore than two

el ectroporati on apparatuses are arranged in parallel.

14. An el ectroporation systemfor introducing foreign

materials into cells by eletroporating cell nmenbranes

by wgreof thappéotionys ane alsectediic tipuivels diroagkrethick the electric

pul ses to a specinmen including the cells, conprising:
pulses aet epptiep dpathicoshyaplatmposite ahd @llpuins thegeperimcorstuffing

for generating an electric pulse, wherein the
HwndNEctroporatlon apparatus further conprises: a |ong

hol | ow speci nen-stuffing nenber. of non-conduct,i ve
mat k& i Biie systeE peeardmgs & waripy 10 orlserietha ép%mmstufﬁng

men@ﬁ#ﬁ%‘a.aﬁ%ﬁﬁa | citng eareRaron Jie éfewgﬁagéﬁﬁaéwﬁ
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con acting Speci e elec ro ytic SO

spec‘ﬁ%@fx%@uf 1ﬁ§mb519§ﬁﬁ¥9# [)Ffl uralt!ﬁf @llil%ﬁm% §EMORAUALLeY the

cells 1n he specl nmen speci men-st uffing

nenger”rhelfzystmﬁ a§a/<§fumg a@%m N9 b 19! aiwerdih mM}@rtﬁmm two
t he speci nén-stuffing = nmenber hasaratlo(R, 1)

elecBopORgiohUgpatdiudesngd Brrbhgedin) pdraliblor i zont al cr OSS-
sectional area (A, cnR) 1n the range of 50 to 10, 000.

- 4. Yon e[Boaopysitieom syston dompttoolucing f@rélgnonatﬂzﬁals into cells
wherein the hollow specinen-stuffing nenber is a
by eteapipidrating oell meanuitiangs by ¥Way Thepykigen elccwicdiulse poelectric
claim 14 or 15, wherein nore than two
pulses to a specimen including the cells, comprising:
an electroporation apparatus; and
a pulse generator for generating an electric pulse,
wherein the electroporation apparatus further comprises: a long hollow
specimen-stuffing member of non-conductive material; a pair of reservoirs
connected to both distal ends of the specimen-stuffing member for fluid
communication, and
the reservoirs are disposed with electrodes for contacting the specimen or
an electrolytic solution and an electric pulse or electric pulses are applied to the
electrodes contacting the specimen or the electrolytic solution stored in the
reservoirs, thereby electroporating the cells in the specimen filled in the
specimen-stuffing member.
15. The system according to claim 14, wherein the specimen-stuffing

member has a ratio (R, cm™) of a longitudinal length (L, cm) to horizontal cross-

sectional area (A, cm?) in the range of 50 to 10,000.



el ectroporati on apparatuses are arranged in parallel.

18. An el ectroporation apparatus for applying an

el ectric pulse or electric pulses to a specinen

including cells to thereby el ectroporate cel

menbranes and infuse foreugn materials into the

cells, conprising: a long hollow speci nen-stuffing

menber of non-conductive material; a reservoir

connected to a distal end of the specinmen-stuffing

menber Ther sfétaind accoamdimmi toatiadm;, ldndral fir edsugia the hollow

mai nt ai ni ng neans connected to the other distal end
spegmaphgu Epecinggrbes tud £apidlateabe tulfiog . f | ui d

co nication. 19. The el ectroporati on apparatus

accof Gi ke sysienprpsading e cliim Lheor thewihprein gpoef thag two

menber. has a ratio (R cm 1) of Longitudinal | engt h
eleqliopOg{on SpeHI e Aitaiees i Beialiebnal area (A cnB)
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mai n ning nmeans i's connect a connector disposed

Wi T h ot @elIbAdEpdcMSSh sk dFindinbrdRt JNRRLESMACHDE material; a
el ectrode.. 22." The el ectroporation apparatus

reseReSiOrcdinngett 6l /idRRIL endET Bk NplebBneek@ERALIBehber for fluid
inserted into the electrode insertion unit for

conmapphiyatngn;elreics piressprd s@ntaindmel nidwds eloaatdtodeo ehd b distal
the specinmen if the specinmen-stuffing nmenber is filled
endtoh éhespeonneh-stféingpremirenfor FRiid Thmmelicatiapor at i on
appar at us according to claim21, wherein the
conhdctbe glectroptiraiéon apphistud ageerding ¢o tdhaineill, fwherein the
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20. The electroporation apparatus according to claim 18 or 19, wherein
the hollow specimen-stuffing member is a capillary, a tubing or a channel.

21. The electroporation apparatus according to claim 18 or 19, wherein
the pressure maintaining means is connected by a connector disposed with
electrode insertion unit for inserting the electrode.

22. The electroporation apparatus according to claim 21, wherein the
electrode is inserted into the electrode insertion unit for applying electric pulses,
and the electrode contact the specimen if the specimen-stuffing member is filled
therein with the specimen.

23. The electroporation apparatus according to claim 21, wherein the
connector 15 a disc for forming a hole therein for passing the specimen, and the

electrode insertion unit is formed at a lateral surface of the disc.




the pressure maintaining nmeans is a punp, a syringe or
a pipette. 25. An el ectroporation apparatus for
applying an electric pulse or electric pulses to a
specimen including cells to thereby el ectroporate cel
menbranes and infuse foreygn materials into the
cells, conprising: a long hollow speci nen-stuffing
menber of non-conductive material; a pressure
mai nt ai ni ng means connected to a distal end of the
speg4 nEhe gldetiobbetioeameiratioractbtdide cormini ¢8tarolg, wherein
reservoir connected to the other distal end of the
the prssusEnaiataifihigngearsnbarpuinop, 4 $yigzccarmpipetat i on and
di sposed with the electrode for contacting the
speeh.nin etactmpordtont appayatus feoapplyor amalkgchic pelee voictectric
hol der including a fixing unit for fixing the pressure
pulseaitpeaipar meemighaling gelle fetiereueclesitaporafe ¢¢Jf membranes and
. .electrically, onnectinq the fixing unit and an
infuge deergy@atdrdlsimathe erllse CROPFSIET | y connecting t he
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tached and "detached to a tip nounting shaft o

cleddtoRiRt fof coBthctinfeh&bpsdifmRpUall SlRcapBACaiolsti &€ cRIddA Rehervoir
to claim25 or 26, wherein the hol 'ow

holdgreRiciRting tafifxing umginifer fixing thagirkdsary maintitinli mgans, an
28. The el ectroporation apparatus according to claim
elec®der te2@jnalhter edl ectrichidy speceome shaifffxing unetnbed anasleatrode
ratio (R cm1) of a longitudinal length (L, cm to
ternpion] foeledtricals somwstingtiad elacwade Aispord ali thetreseryalnge
of 50 to 10,000. 29. An el ectroporation apparatus, for
appk§i h§eHlcereraraiion pppgetey asreiEing do gJamg ekt wharein the
speci men including.cel|ls tq thereby el ectroporate cel
prew@%wﬁggmmmaﬁ a%%pfa?ﬁ@ilgw%h &roRrluctiyg gORtRE is disposed
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communication with a piston, and wherein the hollow specimen-stuffing member
is directly attached and detached to a tip mounting shaft of the pipette.
27. The electroporation apparatus according to claim 25 or 26, wherein
the hollow specimen-stuffing member is a capillary or a tubing.
28. The electroporation apparatus according to claim 25 or 26, wherein
the specimen-stuffing member has a ratio (R, cm™') of a longitudinal length (L,
cm) to horizontal cross-sectional area (A, cm?) in the range of 50 to 10,000.
29. An electroporation apparatus for applying an electric pulse or electric
pulses to a specimen including cells to thereby electroporate cell membranes and

infuse foreign materials into the cells, comprising:



a pair of reservoirs connected to both distal ends of
the specinen-stuffing nenber for fluid communication.
30. The el ectroporation apparatus according to claim
29, wherein the specinmen-stuffing nmenber has a ratio
(R cm-1) of a longitudinak-length (L, cm to
hori zontal cross-sectional area (A, en2) in the range
of 50 to 10,000. 31. The el ectroporation apparatus
according to claim28 or 29, wherein the holl ow
spexicrenhaiiaf Spagnreandieffingmantdepiolf hanycoadueti tabiatgial; and
32. An electroporation apparatus for applying an
a paireef meserpoirs econnedkd ctor both plistsesntls & dpespeemen-stuffing
including cells to thereby el ectroporate cell
meapiios fbsd apmmyiealEd. f orei gn materials into the
cells, gorreﬁri sing: .a long hollow speci nen-stuffing
mendfer TBE HBHIQuRaLRT PRt AreaTdinghdo chripniZd, ovherein the
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in the range o to 10, 000. e el ectroporation

ap m.a&&l%le%ﬁ%bﬁdtﬂﬁf %}ﬁ)aﬁét@ﬁ 3 RYing3n éﬁ'@@t&%‘ ;5(;1%13% Beelectric

hol | ow speci nen-stuffing nmenber is cConprise

pulses ¢o @ spbainnegl incBhlingd belletegicranogiat trOporarpayl Bindbranes and
according to claim32 or 33, wherein nore than two

infusth &rmminsmefertabreinto teowlspeainpesingt uf fi ng nmenbers are
connected to a pair of wells for -fluid comunication.
36.a g hlboy sppunenionifmgparcabes ofocncdindgcthe whtdril; and
35, wherein each channel |ength of the channels is

a paiy pf avelit forgred vpdhe| semer spsiate an thgpef shasolewosmtichgen-

o claim 35, wherein egch | dt.h of the _channels is
stufﬁpgfné?lg ¢r and so connecteg to bS’ch c{lstai ends of the specimen-stuffing

member for fluid communication.

33. The electroporation apparatus according to claim 32, wherein the
specimen-stuffing member has a ratio (R, cm™) of a longitudinal length (L, cm)
to horizontal cross-sectional area (A, cm?) in the range of 50 to 10,000.

34. The electroporation apparatus according to claim 32 or 33, wherein
the hollow specimen-stuffing member is comprised of a micro channel.

35. The electroporation apparatus according to claim 32 or 33, wherein
more than two channels of the hollow specimen-stuffing members are connected
to a pair of wells for fluid communication.

36. The electroporation apparatus according to claim 35, wherein each
channel length of the channels is different.

37. The electroporation apparatus according to claim 35, wherein each

width of the channels is different.




44-- 38. The el ectroporation apparatus according to
claim35 further conprising an upper substrate and a

| ower substrate, wherein the upper substrate is

formed with a hole in which a well is formed, and the
upper substrate or the |ower. substrate is formed wth
the channel s which are depressed. 39. An

el ectroporati on nethod for applying an electric pul se

or electric pulses to a specinen including cells to

el e38.r opiy atlecieepdratiembnppeatandchdcofdisg td oclaign 35  further

materials into the cells, wherein a | ong and hol | ow
congpistigrem upperf fibsgratenenbelowtr sustoon duutrevetheatpper alibstrate

is filled with the specinmen and an el ectric pulse or
is fednewt wih phlokem whechappyelbds @bt tandi the alppengebgemte or the

that a current can flow through the gpe0|nen 40. The
lowgesuhsiratgcisdpaneg it beahannes éh@rfh @mésa%l | ow

stuffin S atio cm

| ong‘!r’ {ngl q{g@tr@@@&g elgetﬁeﬂ,;}%f §Prhans fgrﬁlgqtrlc pl? Ise or Blectric

ss-sectional .area cm) in . .

pulsEs g gosperimen e ot T Bor G teP Aol AcsgraR g infuse
" e; p ¢ I
for e\é‘grg.xﬁtggaég m@? thlg \rllggeng’r gfglegeﬁgnaz é{l’ﬁé [@Q E@ Slpﬁéiéﬁen stuffing
melﬁP&OBFI '8H- &%dﬁbm@ﬁﬁﬁ%ﬁél BOs 1M &R "t‘l?é E‘[ﬁemmen and an electric
ectroporation in the specinmen-stu nmber I's
pulsORtt ERHRKSHYs&ORLUFIRIRd to both distal ends so that a current can flow
through the specimen.

40. The method according to claim 39, wherein the hollow specimen-
stuffing member has a ratio (R, em’™') of a longitudinal length (L, cm) to
horizontal cross-sectional area (A, cm?) in the range of 50 to 10,000.

41. The method according to claim 39 or 40, wherein the hollow
specimen-stuffing member is a capillary, a tubing or a channel.

42. The method according to claim 39 or 40, wherein the electroporation

in the specimen-stuffing member is continuously conducted.



