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el ongat ed hol | ow nenber and an el ectroporati ng nethod,
whereby an electric pulse or electric pulses are
applied to a specinen including cells, and cel
menbranes are electrically perforated to thereby
enable to introduce a foreign material into the cell
Description of the Prior"Art In general, an
el ectroporation is a kind of technique for introducing
macronol ecul es into cells by electric pul ses which
cannot penetrate cell nenbrane. The el ectroporation is
a widely used and sDESGRIPTAONMENnded net hod directly
appliable to cell experinent and gene therapy. If a
high electric field is applied, cell nenbranes
tenporarily beconme porous to show perneability to
foreign materials. The said el ectroperneabilization
depends on various factors such as pul se wi dth, pulse
duration, nunber of pul ses and other experinental
ELEGAROPORATARH AYING ANELONGATED HOMMEMBER
studies relative to the above-nenti onedparaneters in
order to understand the nmechani sm of the
el ectroporation and to pronote the effect of

t flﬁfl‘;i . t@t ity of electric field is reported
FIE]‘(IE% gﬂe}l% i@?)e paraneter for perneating the

menbrane and controlling the scope of cell area where

transm ssion occurs. O course, studies on other

paranet ers have progressed as .well. wever, litile is
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elongated hollow member and an electroporating method, whereby an electric
pulse or electric pulses are applied to a specimen including cells, and cell
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



the electric pulse and nmechani sm of transfection. Due
to scanty and poor theory on the el ectroporation,
waoe@aabicrat i on of the el ectroporati on has surfBCBEERa®S5/001792

one of the inportant matters. Referring to FIGI, in

order to apply an electric field to conpound of cell

suspensi on and gene, a cuvette equipped with two

parall el electrode plates (200) is usually used. If a

high electric field is applded to the el ectrode

pl ates(200), it is possible to introduce a gene into

the cell. Al um num el ectrodes for disposable cuvette

are used. However, Al 3+ ions dissolved fromthe
parageiensrinnomsiee ¢o nodesstand thee pechauismoof fve electragioration and to

i nfluence on the cells. Furthernore, if alum num
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a depii BRI el e RGBS Ihe b, A CrarCiaE by sgope of
oo T B RS BT SRR gt v
TR e O .
e S A, TSI T Fh DR AP or
on tﬂ&ecﬁ’@ﬁ@mﬁ%n,sb&%liiﬁio@op%vﬁéﬂ&cggﬁéﬁ@ﬁ f64 5QHRE ALShe of

appar atus. However, this 1l lustrat el ectroporation

the iagRatat watleas the fol | owi ng di sadvantages. First of
all, cuvette is too expensive because of the al um num

bl ocks used as el ectrodes. The manufacturers of

el ectroporation apparatuses therefore recomend t hat

cuvRefemimgtauBKd. lome erddrdoepply, ameleytricsfielsl toaruaoedund of cell

experinents repeatedly several tinmes, so there is a
SuspRNgjAN FBdgeniel R topvette eauipped vods twe pexallal ishentrade plates (200)
. er{ors. Second|y, because the el ectrode material (A ) . .
is usually ased. 1\% @ tigh’electric field is applied to the electrode plates(200), it is
possible to introduce a gene into the cell. Aluminum electrodes for disposable
cuvette are used.

However, Al ions dissolved from the aluminum electrodes are reported
to have a bad influence on the cells. Furthermore, if aluminum electrodes are
used, the intensity 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.



in solution, and the overpotential relative to
hydr ogen generation is low, the said el ectroporation
we@amolyiets eat es air bubbl es due to deconposit i PCT/ER2005/001792
wat er on the surfaces of the electrodes. Thirdly, the
generated ion (Al 3+) has a bad effect on the cells.
Fourthly, surface resistance is nmarkedly increased due
to generated oxide layer (AlI20) . Fifthly, the
electric field is not even3-This is because a | arge
quantity of current flows through corners of the
el ectrodes, thereby creating a distortion to the
electric field. Sixthl y, the specinmen becones
volHewewvers , thish ilds tragéde ¢ atrapoagiporo pppatagus dras athendollowing
guantity of cells to be analyzed. Seventhly, several
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present I nvention have used an el ectroporation

elec@@;&%ﬁbﬁ eabidy ichéhtéNaR | itdddedud @b ldevormpesition oStvatdri dif the
mber of non-conductive material, wherein both distal

surfa&fedfbf(the teectapies ThirdBL Whé Igegeﬂa&nbﬁm (A°8ppas & badi éfffiect on
electric pulse so thatan electricity can flow through

the eellpdturtiy,sswidedrésmtatme speawrkedly sinofdased dventye generated
The inventors have used this el etroporator and carried

oxidg layarHé\ gD 9e Fifddyr thei dectrigriielddy aot ovgrmridus as because a large
bi ol ogi cal result thereof with the conventiona

quandrty afr SpErrdlows thines suncEorbiia Plsrtrades, rfbereby creating a

I nvention a d_description.of the |nvention
dlstortQOn to the electr}c ﬁel% Sldxﬂsllc , the specimen becomes Voiummous which

makes it inappropriate for a small quantity of cells to be analyzed. Seventhly,
several steps of sample handling are required to fill in and out the cuvette with
specimen. Eighthly, high throughput electroporation is not possible because it is
not easy to integrate cuvette handling process into the robotic systems. Ninthly,
the decomposition of water at the electrode surfaces induces severe pH variation
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



Techni cal subject The object of the present invention
is to provide an el ectroporating nethod using an
webkongateed hol | ow speci men-stuffing nenber. AnPCTIER2005/001792
object is to provide an el ectroporati on appar at us.
Still another object is to provide an el ectroporation
system Technical Solution The present invention
relates to an el ectroporating nmethod for introducing
foreign materials into cetlds by applying an electric
field to a specinmen to thereby enable to el ectroporate
cell nmenbranes. More particularly, the present
i nvention relates to an el ectroporating nethod, an
an ed¢asgcity peanatloon thppwehas uspecamen stuleéd cnr tsospedimen-stuffing
system wherein an el ongated hol |l ow speci nen-stuffin
mempstib erheo finwetoso itayet ved niiserelatroperaigsi @ndt garried out the
el ectr.o orat'gy is carrie oug i s .used,
tthr
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di stal. ends t her.eof at th | ect.r.oporatj.on can be
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menber.In a preferred enbodi ment of the present
i nvention, an el ectroporation apparatus is provided,

Deta‘i&ﬁp&ésﬂrﬁﬁi(ﬁ%fﬁ% AReRERN- stuffing menmber, a

reservol r and a préessure maintaini ng neans connected
to one distal end of the specinenstuffing nmenber to
fluidly communicate with the distal end and to provide

TecldicaPfiilsject at e pressure for maintaining the specimen
in the specinen-stuffing nenber so that the

speci men-stuffing menber is supplied with a specinen.
The el ectroporati on apparatus according to the present
i nvidhet iobyect sofc tlres tpresente dniventsuc hs donprmede tamaelestroporating
di stal end_ of the specinen-stuffing nmenber and the
methedassing an elongated hollow specimen-stuffing member.
Another object is to provide an electroporation apparatus.

Still another object is to provide an electroporation system.
Technical Solution

The present invention relates to an electroporating method for introducing
foreign materials into cells by applying an electric field to a specimen to thereby
enable to electroporate cell membranes. More particularly, the present invention
relates to an electroporating method, an electroporation apparatus, and an
electroporation system, wherein an elongated hollow specimen-stuffing member
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.



mai nt ai ni ng neans may be connected directly or via a

connector (for exanple, Tshaped connector or Y-shaped
w@eoreseteos ). | f the pressure maintaini ng meansPCEKR2005/001792

connected to the specinen-stuffing nmenber via a

connector, the connector is laterally disposed with an

el ectrode insertion unit for inserting an el ectrode,

and the electrode inserted into el ectrode insertion

unit contacts a specinen rf54he specinen-stuffing

menber is stuffed therein with the speci men. The

pressure nmai ntaining neans at the el ectroporation

apparatus according to the present invention nay be a

punp, a syringe or a pipette. In inplenenting the

el ectroporation using the el ectroporation apparatus .
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reservoir and the electrode inserted into the

eleczopaatbar appaf@ins ecenihg it6 otht opreb@ft! ingRariah eis C&rstrudtéd in
of specinen stuffed in the speci nenstuffing nenber. In
suchamptaheer thaeh elisteberehbbthierspatinuin-sth &gy arameri andethe ippessure
the el ectroporation apparatus including a holl ow
mairgpaiigreeans uidyi begcomrdstad diseatlysarwiaiarqonmectes dforainample, T-
hol der and a_pressure mai ntai ni ng neans according to
shapefl ¢oppesfener Ynshapedsennectednst ruct ed i n such a manner
that the pressure mamintaining neans is a pipette; the
pi pette is disposed at a body thereof with a

co ctive e . .
'}9 lfhe pressure maintaining means is connected to the specimen-stuffing

member via a connector, the connector is laterally disposed with an electrode
insertion unit for inserting an electrode, and the electrode inserted into electrode
insertion unit contacts a specimen if the specimen-stuffing member is stuffed
therein with the specimen. The pressure maintaining means at the electroporation
apparatus according to the present invention may be a pump, a syringe or a
pipette. In implementing the electroporation using the electroporation apparatus
according to the present invention, the specimen including cells is first stuffed
into the specimen-stuffing member by using the pressure maintaining means.
Electrolytic solution is infused into a reservoir where an electrode has been
inserted, and a distal end of the hollow specimen-stuffing member of the
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



contact; and a novabl e el ectrode di sposed inside the
speci nen-stuffing nmenber cooperates with a piston and
w0 300easichdy det ached and attached. The novabl e PCBEER2@E©01792
serves to function as a plunger for infusing the
speci men into the speci nen-stuffing nmenber and
simul taneously as an electrode for electrically
connecting the specinen via a conductive contact. A
pi pette tip is conprised of6a speci nen-stuffing nenber
and a novabl e el ectrode which reciprocates therein,
and is directly connected to a shaft for nounting the
pipette tip. If a piston of the pipette is worked to
to thg lekagtiode atoligbiescmpacenddie edeotivde insettecmntal the connector,
inside the pipette tip and to allow the specinmen to bhe
therghyy e%gldm&ﬁ%ﬂ%ﬁ@%w@& ﬁ%ﬂﬁ §%P$ sprglwgw@iff%mi i the specimen-
uﬁﬁﬁeCi n_contacts the novable electrode and is
S AP 1y connected to the conductive contact of a
pi pette body. In the preferred enbodi nent, the other
el ectrode is disposed at a floor surface of the
resgr voj dhe e [ cQ S t .
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and an el ectrode term nal connected via the inner pipe
present inventbeds conlstnfctédén sasieavinannerTthet tespresoure malmgihing
is so constructed as to be separated as a body and a
meah$ d§ aopipets; the pipet¢ nsidispdsed ahm hotdyetreatof with a Asnductive
mentioned earlier, the present invention provides an
contagte end gpmoneblerelegisedandispagad wisitdy the specimervpmffing anember
apparatus and an el ectric,pul se generator. In the
COORST@Ees r‘BBgr%tﬁlﬂﬁnsM dfn easHyr detaghiad and cattchednThe movable

i nyention, if. an. electri ulse i.s_.applied to one
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spechRER s B s Heftbel b LESAIAR200s9 S bR%ISEPSEe T CldcdSany

connecting the specimen via a conductive contact. A pipette tip is comprised of a

specimen-stuffing member and a movable electrode which reciprocates therein,
and is directly connected to a shaft for mounting the pipette tip. If a piston of the
pipette is worked to allow the movable electrode to move horizontally inside the
pipette tip and to allow the specimen to be infused into the specimen-stuffing
member, the specimen contacts the movable electrode and is electrically
connected to the conductive comntact of a pipette body. In the preferred
embodiment, the other electrode is disposed at a floor surface of the reservoir
where the electrode contacts the stored electrolytic solution or the specimen and
is attached and detached to a cylinder-shaped reservoir holder inner pipe. A
reservoir holder is disposed thereon with fixing units for fixing a pipette and a

reservoir and an electrode terminal connected via the inner pipe to the electrode



cooperating with a piston, cells contained in a
speci nen stuffed in a speci nenstuffing nmenber can be
webk@evowppr at ed. Furthernore, the holl ow PCT/KR2005/001792
speci men-stuffing nmenber according to the present
i nvention can be provided in channel structure. A
channel is integrally provided by coupling upper and
| oner pl ates, wherein both distal ends of the channe
are connected to a pair of 7wel|l shaped reservoirs in a
fluid conmuni cative manner. If a specinen is infused
into one of the wells and stuffed in the channel by
capillary action, water head pressure or punping
of thecréservoinnbhemessvesid boddbrsipso eenstiustdd b éol bensaparated as a
well, an electroporation into cells wthin the channel
bodyeard pdids gF masubeeenstmctagddn an intagial format a pair of
el ectrodes are inserted in the respective wells to
thereby apply an electric field into the channel.
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action or water headpressure; connecting both distal
ends of the specinen-stuffing nmenber of the

el gatihePaeakbpstafle | §8teh? a8 PQINERS tRE O}%%ﬁ nab¥iticn, if an
solution stored in réservoirs via fluid comruni cative

electi@Npelse i8ngppliesietd bhg cit@rddeodestatti® detivlyes soltidn or a
and applying an electric pulse to the inserted

specathert stoveld $n b eesireit ang thiabdthee eldciroda ifdeetediaty sreonnector or
stuffed in the speci nen-stuffing nenber. If the
coopspaivigrenthi 8 pistonsoelld cortained ipraefpeaimdnt dhaffed in a specimen-
reservoir containing the specinen should be repl aced
stuffiie mepthasoasibe deiraiionitad. only the el ectrol ytic
solution before the electrodes are inserted into the
reservoir and the specinen is electrically connected

to Ftur}t%e%l%%et:,r &%e%bllow specimen-stuffing member according to the
present invention can be provided in channel structure. A channel is integrally
provided by coupling upper and lower plates, wherein both distal ends of the
channel are connected to a pair of well shaped reservoirs in a fluid
communicative manner. If a specimen is infused into one of the wells and stuffed
in the channel by capillary action, water head pressure or pumping action, and an
overdosed specimen is filled in other well, an electroporation into cells within the
channel can be carried out in such a manner that a pair of electrodes are inserted

in the respective wells to thereby apply an electric field into the channel.

Preferably, the electroporating method according to the present invention
comprises the steps of: stuffing an interior of a specimen-stuffing member with a

specimen using a pressure maintaining means, capillary action or water head



Preferably, the specinen-stuffing nmenber and the
reservoir are nonconductive materials such that
wao ec@espmient plastic or glass i s used. Ther ef oOPET/KR2005/001792
Pol ydi nt hyl si | oxane( PDVS) ,
Pol ynet hyl met hacryl at e( PMMA) , Pol ycar bonat e( PC) ,
Cycli col ef m Copol yner (COC), Pol ystyrene(PS),
Pol yet hyl ene( PE), Copol yster Thernopl astic
El ast oner (TPC), Pol yi m de,- #el ypropyl ene, Silicon,
A ass, Quartz or the like is used as naterial for the
speci nen-stuffing nmenber and the reservoir but it is
not limted thereto. Furthernore, the el ectroporating
presguig; conngeiing batk shenhends obifthe speeimmyestusfingimember of the
channe| s thuys descriped can be easily integrated with
elecioparatigigs davge fig SPRERTNSEDT ¢lerrabiicfolpary siarad andrsgryoirs
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a transparent pI astic eri I'S uSed,

reseP@SiB1 dntaihfh O RIEY Vel Blet@alyticl B8lufioR! BERES Bk BRLELH&A are
bei ng absorbed into cells. "As a result, a process of

insettednsit@rthe n@sarvoanand nthe geklmémds csedtriealy beontiestsd to/ the
observed. Furthernore, another el ectroporating nethod
electtodes.di ng to the present invention conprises the steps
of: filling an interior of a specinen-stuffing nmenber
wi th speci nens using a pressure mnaintaining nmeans such
as a syringe_ or a punp; connecting a distal end of the
spadicrably Jhei siycimabsiuibng memiies cand be aeperyotiearec aon-
0. a specinmen or electrolytic solytion via flui
Con‘isz‘%%‘\ﬁn Eftlﬁ% Sheh Bt TARAEFHCPIASHOOAt glags de wed; Fhergéore,
Polyscfi)%%lllyq‘saiﬁ]gxgnleld’ﬁﬁ/[é)rj the Polymethylmethacrylate(PMMA),
Polycarbonate(PC), Cyclicolefin Copolymer(COC), Polystyrene(PS),
Polyethylene(PE), Copolyster Thermoplastic Flastomer(TPC), Polyimide,
Polypropylene, Silicon, Glass, Quartz or the like is used as material for the
specimen-stuffing member and the reservoir but it is not limited thereto.
Furthermore, the electroporating device having a specimen-stuffing member of
micro channels thus described can be easily integrated with other systems for

mixture, filtering, polymerase chain reaction or capillary electrophoresis.

The exemplary plastic materials have an excellent merit as materials for
the hollow specimen-stuffing member and reservoir. By using those materials, it
is easy to manufacture micro channel device according to the present invention.

Furthermore, these materials are reasonable in cost, transparent and appropriate



speci men-stuffing nmenber by inserting an el ectrode
into a reservoir and inserting the other el ectrode
WO nioe/oeas1£l ectrode i nsertion part of a connectPCT/K&2005/001792

connecting the pressure maintaining neans to the
speci men-stuffing nmenber, and applying an electric
pulse to the inserted electrodes. If the specinen is
too small, it is preferred that a reservoir containing
t he speci nmen shoul d be repl9%aced by a reservoir
containing only the electrolytic solution before the
reservoir is inserted by the electrodes and is nmade to
contact the specimen. Still further electroporating
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into a reservoir holder; inserting the pipette-type
pressure nai ntaining neans into the reservoir hol der
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to the el ectrode eqU|pped at the reServoir and

a pﬁmpgbioﬁnedztﬁig reodiistaln enlde offi Bt Eﬁecdnfenidﬁ@ffﬁige&h&ﬁbet Sof the
too smal |, is preferred that a reservoir containing
electrbgoratiagi mbmczeh dol & bepecapemcer blectrohgrersodition via fluid

containing only the electrolytic solution before the
complusdeatiydemannes; iandesledtbparaiing eells és ¢hes specimens diléed in the

made to _contact the specinen. Furthernore, the present
specipoRstutERg saembenkby ﬁw@mgx arp glectpde infe aelre@@wmrpmcbmseﬁmg

ust i ng the mai nt enance and renova
the Qe tlkgnogo s %F&ﬁ@%‘hg}sﬁm%P@ﬁ@ﬁ@e@qWFc& of lggnnecting

the Ig]relsslzule n%a?m%uﬁgg n%tegrisf {o'the' 'S specﬁr{len—smfﬁng 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
reservoir containing only the electrolytic solution before the reservoir is inserted

by the electrodes and is made to contact the specimen.

Still further electroporating method according to the present invention
comprises the steps of: filling an interior of a specimen-stuffing member with
specimens using a pipette-type pressure maintaining means; filling the reservoir
with electrolytic solution and inserting it into a reservoir holder; inserting the
pipette-type pressure maintaining means into the reservoir holder and fixing it by
fixing unit and connecting a distal end of the specimen-stuffing member to the

specimen or electrolytic solution via fluid communicative manner; and



In the el ectroporation apparatus, electroporation

system or el ectroporating nethod according to the
w@e@sentel4 nventi on, an el ectrode may be nmade OPCEHRR2005/001792

conductive material, and it is preferred that a

pl ati num el ectrode, a gold electrode, a silver

el ectrode, a copper electrode or plastic plated with

the aforenentioned netals is used. Furthernore, the

pressure maintaini ng nmeans lfrey be a punp, a syringe or

a pipette. The holl ow speci nen-stuffing nmenber is

preferred to be a capillary, a tubing or a channel. In

case of a channel, it is preferred to be a mcro
clectioppraing eells inctheasnegimem éilleddni the rspecimeri-siyffipgivegmber by

houl d have .a ratio (Eé %gll) of a.longitudinal |ength
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appar at us-accor di ng prése nvent i on can

and 8fd #RHE Y8 ¥ntatbthe/Phcihget roporation which is a first
step of DNA transnission, and can contribute to study

of mechani sm of el ectroporation. Furthernore, the
el ectroporati on apparatus can be mniaturized in gene
marfyrtherhicre, tBei piesdascinvehiion ohnt bentienwishgspEtf&ih the
is a representation of a cuvette equi pped with
elecprapatation iy adjestihg thensuppdy ewtintedescaesndretinogaltaf specimen to
conventional electroporation apparatus. FIG2 is a
be copigreRjtshy Hnplementerhinside thadiollemespacamen stuffimgappmbat.us
which is a square wave el ectroporation apparatus (ECM
830, BTX, USA).

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
preferred to be a capillary, a tubing or a channel. In case of a channel, it is
preferred to be a micro channel. Particularly, the specimen-stuffing member
should have a ratio (R, cm™) of a longitudinal length (L, cm) to horizontal cross-
sectional area (A, cm®) of the specimen-stuffing member in the range of 1/50 to

1/10,000.

Information with regard to the electroporating state of cells can be

electrically measured by easily measuring a current flowing through the



FIG3 illustrates a structure of an enbodi nent of an
el ectroporation system according to the present

w0 povenoicon. FI G 4 illustrates a structure of aPCT/KR2005/001792
enbodi nent of an el ectroporation system according to
the present invention. FIGS5 illustrates a connected

state between a di sc-shaped connector and a capillary

in an el ectroporation apparatus according to the

present invention. FIG 6-illll.ustrates an enbodi nent of

an el ectroporation system according to the present

invention. FIG7 illustrates another enbodi nent of an

el ectroporati on system according to the present _,
specinaesiuifing  mealeri | Thesteleateaposation anpstals acasdingede the

of an el ectroporatiaon systgrp according to the |c1res§nl't "
preséntveventism anche effiertivelyatsed far elepieperations Whichis & jigst step

used for an el ectrqporation arat us, accordin 1 he
of Ew%eﬁﬁnﬂmsémnaoﬁﬁaFl@ld’oFlFrﬂatﬁ@?r3‘? eSSl iﬂﬁ%lcbgmgﬁ of

enl arged view of th ipette of. Fl :
clecifBIOTFptrsY VRGP AL QORI AGPERARYE? S e nithiafHed
. _hovabl.e electrode used for the pipette of FIG9. FIG
mgefgrpzlnpagfal‘tlgpes a structure of a reservoir and a

reservoir holder used for the el ectroporation
apparatus according to the present invention. FIG 13

Briekﬂaﬁgpﬁgﬁ%@ﬁmpgg{@m of an el ectroporation system

accor e present invention. FIG 14 is a
perspective view of an el ectroporation apparatus
havi ng a channel structure according to the present
| NVEIQY,1 OR. 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.5 illustrates a connected state between a disc-shaped connector and a
capillary in an electroporation apparatus according to the present invention.
FIG.6 illustrates an embodiment of an electroporation system according
to the present invention.
FIG.7 illustrates another embodiment of an electroporation system
according to the present invention.

FIG.8 illustrates still another embodiment of an electroporation system

according to the present invention.



FIG 15 is a cross-sectional view of an
el ectroporation apparatus of FIG 14. FIGS. 16, 17 and
waooelbess rat e an enbodi ment of an el ectr opor aCDRER2005/001792

apparatus according to the present invention. FIG 19

is a mcroscopi c photograph of cells el ectroporated by

an el ectroporation apparatus according to the present

i nvention, wherein the cells were observed via a

bright field. FIG 20 is a phetograph observed in

fluorescence relative to cells of the sane region as

those of the FIG 19. FIG 21 is a mcroscopic

phot ograph of cells electroporated by an

el dﬁﬁ%pgluawtcﬂ apparcirasobac pritisgused tthe g iebectizporation

wherein the cells were observed via a bright field.
appaptgs 20cqrding oribe pyesephinventiotor escence of cells of the

< e PR ooa el ot oS ook o FIEH e
o A GRREE T T U hA S AR Al R movatie
elect?&&&ﬁ{e%%& ﬁH @.egg%?gﬁ??’aaccor ding to the present

i hvention. re m croscopi ¢ photographs

suggesis ﬂﬁlsﬁﬁﬁ%l ﬁ&%ﬁ%f"@%@eﬂ%ﬁ%& b ‘f‘es%?gtﬁ? gﬁide? used for

specinen-stuffing er and an ect ropor
the e@écftfcﬁdo%ﬁfdh appaaituS |a%§6ﬂd§’rﬁ§’fcﬁﬂ1‘e?ﬂeéé%'t 8yedffion.
el ectroporation apparatus according to the present
I NVREG 1 Dilluskiatesh embudiméitest h deaRbpiatibRisys@m according
el ectroporation is conducted
to the present invention.

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

FIG.15 is 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
electroporation apparatus according to the present invention, wherein the cells
were observed via a bright field.

FIG.20 is a photograph observed in fluorescence relative to cells of the
same region as those of the FIG. 19.

FIG.21 is a microscopic photograph of cells electroporated by an
electroporation apparatus according to the prior art, wherein the cells were
observed via a bright field.

FIG.22 is a photograph in fluorescence of cells of the same region as

those of the FIG.21.



relative to various cells according to the present
invention and transfection rate (nunber of

w0 bwenesseent | y expressed cel | s/ nunber of survi RCTIER2005/001792
cells) by GFP expression is obtained. FIG35 is a
m croscopi ¢ photograph for illustrating a result of
FIG34. FIG36 illustrates a result wherein GFP si RNA
and pEGFP are sinultanously transfected into cells by
way of an el ectroporati on-d8cording to the present
i nvention and GFP expression thereof is neasured by a
m croscope. FIG 37 illustrates an Al el ectrode surface
before\;a%a) and after (b) the application of electric
pul EEGWRe Hlustiatsse t graphy uvhishdshews aardanoerhatwaen gdometric

el ectrode i.s used_to performan el ectroporatiqn.. i
shapg @tz ?P?%%lefla%t%@{% meTRbes @ﬁgp elsstreporstion| efficiency in an
ropi.diumiodide).in a 100 bmw dth m cro,.channel .
cleckBpBBytart i o Bl OO0 GPRBHSY SLEPIn oy gasy gsent
Plioyi @ an el ectroporation in two mcro channels each
aving a different channel width of 100 m(a) and 500

m( i el y: ' [

T oHICS 2B HE AR o G0 By RNAE B bevccn
geofnRfid eshapedtdT. aF|s§eéﬁnéﬂ—Et‘ti§"ﬁﬁ$t fiemtlbdr Smdll Zf, Cd180¥8poration

before and after an electroporation in two mcro
efficibaeyed an deatoprartiolusind 4 eleetropshainedppiirathl :@borkhf ¢

mr(a) and 500 nl?)g) respegt ively. EI G 42 iplﬁl%st r at egr a ©
the presenttinwbetici.n cel s were cultured for seven days in

m cro channel s each having a different channel width

of Bl .g¢a)llustfbesmab)grapgt0Ovhgre)n aand e?&@ropotation is conducted

respectively. ) ) )
relative to various cells according to the present invention and transfection rate

nv

(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 FIG.34.

FIG.36 illustrates a result wherein GFP siRNA and pEGFP 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 PI (propidium iodide) in a
100 ym width micro channel.

FIG.39 is a microscopic photograph of cells infused by PI via an
electroporation in two micro channels each having a different channel width of

100 pm(a) and 500 pm(b), respectively.



FI G 43(a) is a photograph observed via a bright field
of cells through which a 0.75kV/cm of electric field
wor®eampldi ed for 10 nms and 24 hours el apsed, FPC/KREWF/001792
i s a photograph observed via an overlap of bright
field and fluorescence of cells through a 0.4kV/ cm of
electric field which was applied for 10 ns and 24
hours el apsed; and FI G 43(c) is a photograph of cells
of FIG 43 (b)observed in {fl4erescence. Now, an
el ectroporati on apparatus, an el ectroporation system
and an el ectroporation nethod according to the present
invention will be described in detail with reference
t o Hlke4@ice gramycomgpariegvwndight amitbinghotensityof M astongéng to
xpl anati on about |ike or equivalent portions or parts
the“g&a@nﬁ]o‘ﬁ“‘itbpeat ed in order to avoid redundancy. While

hhfﬁﬁﬁifgﬁﬁﬂi%gi?%ﬁ ga{ Gl TS and At 2 slegioporation in
two JIFH SRl Ruct, @?X?f%ﬁeﬁigfeﬁ%ﬁtt ot RREE 1Y f‘iﬁ@% gnd
500 BREH rEufecBIBRE | Mot ter of the present i nvention Lo

i nqi.”l@.'i@ Aibsthdibs ﬁ'ﬂesﬁlf‘ .@Jﬁe}‘ﬁgéc W_CUtv ﬂecailhggé’fof‘ggven days in

equi val ents as can be I nc Int spirit an

micreCelRmnefs tdth hevingwi AUFfeleal BBanted GHER LFCIT QEA(DY 150em(b),
present I nvention are |ncorporated as referenceés in

200 tUngcpaeb2fl am(dgntspeotivéllyG. 3 il lustrates a structure
of an enbodi nent of an el ectroporation system
acddfi43(@) tie & phofopesdnbbsarvedtvimm. biipkt field of cells through
_electroporation system conprises: a pul se generator
whiqh @ 0)7 ﬁ&/cgenﬁclactrwgﬁdd whseapplied foull9ems angdd4 hairs elapsed,
reservoirs 5300) for storing specinens; and a

FIG43e)i riena sphefagsepheahservedo0ya sue hoeerlap cafpibrighty fishd sand
t ubi f t her ei it h i .. Th i f

ﬂuorreg " d?s réel{s%%mué{glogg(%/cm oP electric Held whidh was %pplied for

10 ms and 24 hours elapsed; and FIG.43(c) is a photograph of cells of F1G.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

can be included within the spirit and scope of the following claims. Documents



connected that fluid can be intercomunicated by the
speci nen-stuffing nmenber (400). The pair of
w0 e®envwis s(300) are respectively inserted by PCT/KR2005/001792
el ectrodes (200) for electric connection with the
pul se generator (10O . Electroporation of cells in a
speci nen stuffed in the specinen-stuffing nmenber (400)
can be conducted by applying an electric field to the
el ectrodes(200). At this tilbhe, the speci men-stuffing
menber (400) may be opened at both distal ends or at
any one distal end only. In other words, as long as it
. I.s appropriate for the specinenstuffing nmenber(400) to
cite@ eby the diesgnt ninygaipPReas wsarnoseted ot rafesengeseydhe present
thereof to be applied with electric voltages, it
IMVeQHOR; ces that any part of the speci menstuffing menber
may be opened. FIG 4 illustrates a structure of an
enbodi nent of an el ectroporation system according to

h j ' h | ' .
e SRl S S S ERBBARL ), B egyeion
EREELTRIDE 154 PRSOSEn 40O 9 R o

a pulldd FrRiAtbP 01 0 HOS CAGRABRE ?%O%%tflc giu%ef’;l'a R oPleskRRoirs (300)

speci nen- st uf fi ng nmenber or maintaining a
for ﬂbﬁﬁ% lsppeiasaidl Bnd @ dpeeiméMsusReg nfdAbei(406) ahed Qﬁ}i)illary
can be filled withspecinens in an interior thereof. 1n
or at fubired ewwiffedptheadinowith wpeeimdns. Ahe. ghir bifeesirsbik (800) afe so
the speci nen-stuffing nenber (400) and the pressure
conmagitedt athat nfuideanag (K60 Ghteacammonivatede dbpythe Fpstiapadstuffing
connector (510). The T-shaped connector (510) is
menplgr(AM)wilhe par @ff eservoirs(3003 are respeptavely (iBseried by electrodes
Lch_an electrode (200). is inserted for apEI ying an,

(2003 Jogrqlectrip rogumectipr veitle therwser generaigr(hfbe Elqeimpppration of
fi.lled therein w speci nens, and the el ectro 200
cellg i §EROCEREN oHERHel (R SHFRPER-Srfling, TGHHGLIL)cah be
condlictsd Lyearf)%lﬁ;lgtar}leel%g & BEfY & %flfef ellggtrodes(ZOO). At this time, the
specimen-stuffing member(400) may be opened at both distal ends or at any one
distal end only. In other words, as long as it is appropriate for the specimen-
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



menber (400) to the connector (510), and connects the
connector (510) to the pressure maintaini ng neans

W@ e®o)o16lH G 5 il lustrates a connected state bePUBER2@5/001792
di sc- shaped connector (520) and a speci nmen-stuffing
menber (400), wherein the di sc-shaped connector (520)
is used to connect the specinen-stuffing nenber and a
pressure naintaining means in an el ectroporation
appar atus according to thelpresent invention. The
di sc-shaped connector (520) in FIG5 is forned therein
with a hole (521) through which a speci nen can pass,
and the el ectrode insertion part(512) is forned at a

Speciings [ e inferier fieseal. Imtha elepizgrarativie systonein Bithy, the distal
end oh 3 FPoqiEN SRR TGS LAY e PYOFBEY ainginimgmeans
(600) B el BE ¥ 1o, S e sl Drebaped Sonmector
(5105 SRR i, PSR, 356905h Mol P gRL G o ecrroa
Conasahiel (3R ol SRLERPPLRL s BRI Rber

(4009 nise el iterdiH! %&th $petRBSheBAnd Ak U&E&Qo&ee'(hé(()f contacts  the

el ectrolytic solution is stored in the reserv
spec{:B6f) Armrdlapter e{5daY r @etR08Q) distal i GsErdfethd @Eébihﬂ:%—stufﬁng
reservoi r(300) to contact the specinen. Furthernore,
menmben(@60) on the connkecton (510 aad rovanects tthatcoandéet 516N the
of the speci men-stuffing menber (400) can fluidly
presgamaintaniagunednst(980s peci nen of the reservoir. In
i npl enmenting the el ectroporation, a syringe (600)
operated by a punp (620) is used as a pressure
the interigor of the

A I hEOPRHR SEUEmRER B i ERE: aRamecton(520)
ot R % PR ) DAL SREEL TR 20
is usge:[c)igg(% :?glrl]%{és tﬁ %?#&%i@%—g&f@hég@%m%f& Hhd' erressure maintaining
means in an electroporation apparatus according to the present invention. The
disc-shaped connector (520) in FIG.5 is formed therein with a hole (521) through
which a specimen can pass, and the electrode insertion part(512) is formed at a
disc lateral 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 electrode (200) is inserted into the reservoir



is filled with specinmens. Cells in a specinen filled
in the specinen-stuffing nenber (400) can be
web@evowpol at ed by applying an el ectric pul se PEI/KB20V5/001792
the el ectrode (200) contacting the specinmen or the
el ectrolytic solution stored in the reservoir (400)
and the electrode inserted into the connector (520).
FIG 7 illustrates another enbodi nent of an
el ectroporati on system accdfding to the present
i nvention, wherein a punp (620) is used as a pressure
mai nt ai ni ng neans so connected to fluidly communicate
with a distal end of the specinen-stuffing nenber.
(300pre centack the specipen Frsthesmotd,i apgneetivre ks 0400 )n ssch a manner
cgggefteg to the punp (620) via the connector (520). .
that @) qestal pndl @f thesresimensiutinsrmembentAAd) wentludlysppmmunicate

Witk G SHERGEN O PGP OR BorRoms6nS e SlBhopstasion, a syringe
(6od qieitid {iPh R R AiRa el bicss i i A et g £
e SRS B HIRGS 408ky OSEIBEHRASIABR A
timel, YA RISERAIRS it whicH R WhEciierfis mlﬁ%ﬁ?/g&?ﬁgia‘%d a reservoir

el ectroporation apparatus accor present

in wihioteBlec@Blytides16tion 14 E11RH RFfek Thé EpEimch-#3AThAfmeber (400)
pressure mai ntai ning neans for fluidly comunicating

is filket hwithessqtmien® NSl fih ng spedibem fifled A ithd YpeéipdedSstaffing
partially enlarged view of the pipette (630) connected

menther 400y @bh ebeeblectropalated?BP apphyidg ansgleciriepulst Wetwagn the
menber (440). The specinen-stuffing menber (440) is

elecapde200) eunatingthetspeainpéper the eleptratytict salgtiematared in the

(631@ The pjpette 36_30) used as a pressure
reseryiint40n iang the slestrpde mseped artodhe gonpertor (f&0dof with a

conductive contact (632), and a novabl e el ectrode
(230b) is inserted into the specinen-stuffing nmenber

an%I@ynhﬁgstxi‘a?es another embodiment of an electroporation system
according to the present invention, wherein a pump (620) is used as a pressure
maintaining means so connected to fluidly communicate with a distal end of the
specimen-stuffing member. Therefore, the specimen-stuffing member (400) is

connected to the pump (620) via the connector (520).

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).



the pipette so as to communicate with a piston (634)
in the pepette and to reciprocate in the
WG p@eioomen+ st uf fi ng nenber. FIGS. 11(a) and (b)PCT/KR2005/001792
illustrate a specinen-stuffing nenber (440) and a
novabl e el ectrode (230b) used for the pipette. FIG 12
illustrates a structure of a reservoir (330) and a
reservoi r hol der (340) used for the el ectroporation
apparatus according to thelpresent invention. The
reservoir holder (340) is fornmed at an upper inner
pipe wall with a pipette fixing unit (640) for fixing
thgﬁfigette, and is also disposed with an el ectrode
t erlfitndl illusGetes fostredterst o€ [pjpattnmsed i foy 2w aleggroporation
fixing unjt &940) and the other electrode term nal
app%fé%aawf)ﬂ% the preseRgnvenions srhergmathenipetia(§30)ds used as
nmount ed t hereunder wi Lh an. el ectrode, (230a) .for )
@ PSR CORIOE neaet bty R SR RBRic g pisbnthe spacimen-

suthf RUBFE 16Tl e HFeBLF Bl o0
conf36bl « S MEBLE BOBTH I pARTHRSHPARE imocs (40,
TheSQRSHELLBRARE ELERREOPRIN! Ol SHEGHIED b, RS i

moufERB &haft4481). Tﬁ@?fp%ﬁé (B90Y uded3Y a bidsk@ Matftaining means is

electrolytic solution is inserted into an inner pipe
dispofed be a &sdy viberedfowitar a (cdhdhictitd &optaeet (682),Said e dhdvable
inserted into the pipette fixing unit (640) to allow a
electtbd¢ 423@disahsertel pitpehe aptanfenwitaffing aremivércatd meunked in
the electrolytic solution of the reservoir, and
the pipstter s& agutos eoimsmappiteevithoa tistonw ) eint thegepéstad to
.230b) via the electrode term nals (250a, 250b) of the
recipresdievis thaspeeimensyoifing megmbete K16l b rapbi(hl allesteate a

oo e B TR0 4 B IR Sh Tosbums tr e

. _reservoir and the reservoir holder, and a pipette
plpeh?'ess button (633) is

FIG.12 illustrates a structure of a reservoir (330) and a reservoir holder
(340) used for the electroporation apparatus according to the present invention.
The reservoir holder (340) is formed at an upper inner pipe wall with a pipette
fixing unit (640) for fixing the pipette, and is also disposed with an electrode
terminal (250b) for electically connecting to the fixing unit (640) and the other
electrode terminal (250a) formed at a floor thereof. The reservoir is mounted
thereunder with an electrode (230a) for contacting the electrolytic solution or
specimen. If the pipette (630) is fixed at the pipette fixing unit (640) of the
reservoir holder, the movable electrode (230b), the pipette contact(632) and the
pipette fixing unit (640) are electrically connected. In conducting the

electroporation, the specimen is picked by a pipette and stuffed in the specimen-



depressed to enable to easily retrieve the

el ectroporated cell. The reservoir hol der (340) may be
wa@oamiei4act ured as to be separabl e bet ween anPCpPE&2005/001792

lid (340a) and a body (340b) (see FIG 12), or may be

integrally manufactured. The specinen-stuffing nenber

i s detachably connected to the pipette tip nounting

shaft (631) such that it nay be disposably

manuf actured (see FIG 10).19Furthernore, an automatic

el ectroporati on system can be provi ded using the said

el ectroporation apparatus and the electric pul se

enerator. FIG 13 illustrates another enbodi ment of
stu W&H@&%’%p@ﬁ%i the tepereait 4820 filled witht eleciypbgisnsolution is

ins P Bl o T o LS, ey
s S b ARl VBT S TR B B o
it LS SRR RS BB . 98 e
Pl RO NS eiRke 308 LG fominl
(256448003 LT thOTREdrFER HIld@N(34RNas e‘i’l'aﬁfeeﬁ)( éﬁ@ﬁbﬁgﬁ@% e cell in

| oner plate (350b) on which a mcro channe

the spatmerstsiiingf membeRRfer tidelac®épdrafbn k! Sipette is separated
soconnected to fluidly conmuni cate with both distal

fronerils redervdie andetbicnesersbiif Roldgr, eibe pipdtes F'resBQﬁﬁﬂm (633) is
FIG 15 is a cross-sectional view taken along line

depgsged tof erabls tolepsilyhretridveche efestmiporated pplr Bheisesesvoir holder
formed at both sides thereof with one or nore pairs of

(34Qkemay Ye3sa anamHactuxsh ps- 55 b) seperable betweangae upper dide340a)
of t so that a specinen including

h I enerato
aﬂdc%@%‘fycgg“@g) giﬁﬂ iFié-f,a)t Pre Mt biec Ijagdly wasdagfured. The
nm.cro,channel s .(451~455 e forned, to connect t.he .
spe RERSLFE MY S (b habhe soiofiuh 16456 Pissisatingagunting
shaff 5@@5 1§5éﬁ’ch 3aRf i 5%1@}7‘ bTeh edi%}?(')slably manufactured (see FIG.10).

Furthermore, an automatic electroporation system can be provided using the said
electroporation apparatus and the electric pulse generator. FIG.13 illustrates
another embodiment of an electroporation system according to the present
invention in which one or more electroporation apparatuses each including a
specimen-stuffing member connected to a syringe-type pressure maintaining

means are arranged in parallel.

FIG.14 is a perspective view of an electroporation apparatus having a
micro channel structured specimen-stuffing member and a well-shaped reservoir
according to the present invention. The electroporation apparatus includes 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



menbrane can be electrically porforated and foreign
materials can be introduced into the cell by inserting
web@enowues into the wells and applying the el BCI/KRe005/001792

pul se. In the aforenenti oned el ectroporation

apparatus, each channel length of the channels is

different. Therefore, even if the sane voltage is

applied to the el ectrodes of the pul se generator, the

intensity of electric fiet@at each channel is

different. The intensity of the electric field can be

obt ai ned by the follow ng Equation 1. E = V/L (1)

wherein, E is the applied intensity of the electric
conrecigdito Yuidly cramyeticaigavidh oot distal angswafdhe Ispetimemdsiuffing

menes ' CARRL 11 AS 6 ABOVOMCAGBa] S NFEIORE Boer-A” of
FIGHTo T8 ckptond st frteaeis s R o bt Thessgt RAH ot or
mor Balrk O vl BTt BAr B A RS B R eE ol o e e
senFRR Poipl EnoRLintY o R C6 il BipRRY R AT Bulse,

whefif Chi QBOE R} PPPRAIRKY isa{ris SfITRTRMf &%Hgﬁ?ﬁg‘%hef ggﬂééﬂ&ding

the plastic substrates, is preferre

welle!| @F1a0PNIAL 3 9Th-3PTsr 3585-35BBUI I 4a0p34kie3 594-9HE). The cell
substrate (350a) and a | ower substrate (350b), wherein

menibrene ppe be@ledtdcaldy porfordedvand fohi@s niaemalpgah b introduced
wells, and the upper or the lower plate is fornmed with

into depcelt bydnsdrting elestroBee frgo dht wellshmdedppiyingihe atdotiic pulse.
appar atus according to the present

In the aforementioned electroporation apparatus, each channel length of the

channels is different. Therefore, even if the same voltage is applied to the

electrodes of the pulse generator, the intensity of electric field at each channel is

different.

The intensity of the electric field can be obtained by the following Equation 1.
E=V/L (D

wherein,
E is the applied intensity of the electric field,
V is the voltage difference between both ends of the electrodes, and

L is the channel length.



invention is manufactured with a speci nen-stuffing
menber whose length is 1 mm~ 10 cm WMre preferably,
wo b@sloersgt h of the speci men- stuffing nenber i|iBCK&2005/001792
5 cm Preferably, the height of a channel, if the
speci men-stuffing menber has a channel structure, is 2
mm~ 2 mm and the wdth thereof is 10 mMm ~ 10 mm
More preferably, the height of the channel is 20 m ~
200 mm and the width is -1BD-mm ~ 5 mm The
el ectroporati on apparatus having a channel structure
according to the present invention can be manufactured
by MEMS technique. FIGs. 16 (a), (b), (c) and (d)
i | 148 ergsdt,eaendi she sate vaktege of applied tochothpmdatafdhe micro
apgg;gtus acpgrdin to, the present invention.
chanmebgnugiadly ditqrent cleptin fighds capr be obtaisedthseaise the channel
1 ﬁﬁvenal pairs of wells for inserting el ectrodes of
CnEthEHHFSse generator are forned at both sides, and each
channel form ng a space for connecting the plural
pairs of wells and filling the specinen is forned for

e AT R
e ) .
stuff(i)Yf?é ﬁemﬁeﬁﬂﬁéri Pfe grﬁfe%%?a.ﬂl}# % gﬁé@ufé'd%@?ﬁ&‘y ot ﬁ%ﬁﬁfa?ﬂisréd by

wells is ectroporati-on appara

couplgu st eGbdtruttd Grlplalici subdian@d B BethiRl dektroporation

thereof with a pair of wells for inserting the

appaghtestis agas: fadtutdebpebaplife ey platic sabstrhtes it pheferfed that
wth a plurality of channels for connecting the pair

the electnepdmmtiandagparhtunghbbkl spdudermnsupper shistiatodsed)i and a
apparatus illustrated in FIG 17 is forned at both

lowessubsirath P 80¥), wihereia thaiupperf platt {ssformedi wigl holesgforiméng the
el ectrodes of the pul se generator, and each pair of

wellgyandsthe gpper piethedpwer alagnisnivsmed wigh depressashchamanlsel
wdth is

Preferably, the electroporation apparatus according to the present
invention is manufactured with a specimen-stuffing member whose length is 1
mm ~ 10 cm. More preferably, the length of the specimen-stuffing member is 1
cm ~ 5 cm. Preferably, the height of a channel, if the specimen-stuffing member
has a channel structure, is 2 um ~ 2 mm, and the width thereof is 10 tm ~ 10
mm. More preferably, the height of the channel is 20 tm ~ 200 um, and the
width is 100 ¢m ~ 5 mm. The electroporation apparatus having a channel

structure according to the present invention can be manufactured by MEMS

technique.

FIGs.16 (a), (b), (c) and (d) illustrate various structures of an
electroporation apparatus according to the present invention. FIGS.16(a) to (c)

illustrate structures wherein several pairs of wells for inserting electrodes of the



different fromeach other. If the channel |ength of
each channel of the specinenstuffing nenber is

waledobmownt , each channel can be applied wth dPET/ER2U5/001792
electric field. An el ectroporation apparatus
illustrated in FIGS. 18(a) and (b) is such that each
channel |ength and channel w dth connecting the
corresponding wells are all different. The
el ectroporati on apparat us-ageording to the present
invention is such that a far |ess anount of current
flows in the sane electric field, conpared with the
conventional el ectroporati on apparatus because the

pulse generator aswiormeidyatt bathwidess had leeth hannel forming a space for
speci nen-stuffing nenber. As_a result, power

conpeeHEE HHE idwrat RAlE olnwellsrnd dilking the speciwmesadsformed fan each

. b ufactured for portabl e purpose ugjng battery as .
pair ﬁpfﬁ@r I’g@wiagfmﬁ% Pf?&FrPE?r,aﬁ&ﬁ @P@W%@E&S%@reéﬂn FIG.T6(c) is
experiments and bi ol ogi cal .r | t,s . using.th . .
arraflg et i Retls 18 5uSh AP EnliS” Al Ths dEPSovh erhPaipafawells is
diff%lgtordi ng to the present invention will be descri bed.
e for Invention Preferred Enbodi nent Preferred

Enbodi ment 1: El ectroporating experinment of HEK-293
cell line using pipette type el ectroporati on apparat us

1- IThPelRBAbBSIa0I0n Odpfafhths iiEHratQB irf @IG.M(E? i$ Adlhed at both

CRL- 1573) was stored in a medi um supplenented wth 10%

sides~Bbeleof avdh & nfaif Wit wiellBofol | @sbrtingu tiid legsttidde€Bf the pulse
i ncubator, and cultured up to 70% confl uency. Next,

generhter,nad ismlyafornesrbwitth, a pludalityreofosanneBsfoneshaetting hg pair
PBS buffer solution, and treated with trypsin. It
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-
stuffing member is different, each channel can be applied with different electric
field.

An electroporation apparatus illustrated in FIGS.18(a) and (b) is such that
each channel length and channel width connecting the corresponding wells are all
different. The electroporation apparatus according to the present invention is
such that a far less amount of current flows in the same electric field, compared
with the conventional electroporation apparatus because the current flows only
through the hollow specimen-stuffing member. As a result, power consumption
can be minimized and if necessary, it can be manufactured for portable purpose

using battery as a power source.



was added by nedi um suppl enented with FBS and

centrifuged. Next, the cell was washed by PBS buffer
w@oloemdwn and suspended again in nmedi um suppl POERR2@5/001792

with 10% FBS to prepare a cell specinen. 1-2.

El ectroporati on Approximately 100 m of HEK-293 cel |

speci nen thus prepared at 1-1 was introduced into a

reservoir at roomtenperature. The speci nen of 100 bl

was inserted with 5 ng of ~pBasm d DNA pEGFP (obt ai ned

from GenBank Accession: U55762; CLONTECH Lab.) as

transfection material and m xed. A distal end of the

speci men-stuffing nmenber of the el ectroporation

appHeERinafiqs as FEIl@tBT)PQi@%@E @xpgrimenishang Ee@egtcal results using

nto the m xed solution in_the

Eyentlon was |nsert(f

the plegir P%ﬁaﬁlon&pamélﬁ il 9%@“919@@&@?&&@%@%%@ ipethgpresent
%ﬁg ?€P ﬁ i.ll ;an interior of the specinen-stuffing

invelfithe fehbetnons whi | o the distal end of the
speci men-stuffing nmenber was so connected as to
fluidly communicate with the m xed solution stored in

ModPfor BRIt - The reservoir was replaced by a
reservoir containing only the electrolytic solution
and the distal end of the specinen-stuffing nenber was
made to dip in the reservoir containing the

Prefireéed Bahbbdign&tl uti on for fluid communi cation. In
addition, electric field applying conditions such as
pul se voltage, pulse duration and pul se repetition

freouency and the like were set up. In the present
RS € limeant 1nwdide mm&tlnﬂ)exmaﬁ ol HEI(HZ@?) fceBlltheadsing

5 ap e was applied to the
electrodes |nserted |nto a connector out of the
el ectroporati on apparatus and the reservoir containing

Iy the el.ectrolytic solution under the electric
1-1. ﬁgé@r@b% _of cgﬁs y

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,
and the cell was washed using PBS buffer solution, and treated with trypsin. It
was added by medium supplemented with FBS and centrifuged. Next, the cell
was washed by PBS buffer solution, and suspended again in medium
supplimented with 10% FBS to prepare a cell specimen.

1-2. Electroporation

Approximately 100 ul of HEK-293 cell specimen thus prepared at 1-1
was introduced into a reservoir at room temperature. The specimen of 100 ul
was inserted with 5 ug of plasmid DNA pEGFP (obtained from: GenBank
Accession: U55762; CLONTECH Lab.) as transfection material and mixed. A

distal end of the specimen-stuffing member of the electroporation apparatus (see



1-3. Retrieve of electroporated cells The specinen in
t he speci nen-stuffing nmenber was noved to a culture
wW@k@bmeowsi ng a pipette and applied wth nedi unPCIZERR®S5/001792
were cultured in CO2 incubator for 24~48 hours. The
cells were counted and transfection rate thereof was
nmeasured. 1-4. results FIGS. 19 and 20 are m croscopic
phot ographs of HEK-293 cells into which plasn d DNA
PEGFP was inserted by the & ectroporation apparatus
according to the present invention. FIG 19 is a
phot ograph via bright field andFI G 20 is a photograph
observed in fluorescence. As a result of the o
FIG &) pepoiding to thepresentdmeentiamweadesettedinter thefmixed solution in
fluorescent|y expressed cells/nuynper of survivin
the EESETEYITWAs PIRFUEHYPE JHEWUE TORHNmEHANeaRs SHasMsed top@ll an
. hot oqr aphs, and, the survjval .rate of the cell]s wa
interjopt Hisiiboeimdorifife homber Wit Sesthots i ke gind of
f ri | resul nder the s condi tion as .
the Fee BTN drerBEnubE sHOORbruRd S il compttpfoue with
Ul ed . 1 [ - 29 | l1s
the FAREA Mol SHUTEA Bhothe, Beebhidif T Re R Vplicha tiphgklity o
reseRIORE QOLBRAING BnkY 'tl&htelédh%l?ti@%hﬁiéﬁ %%d'f the? g&*ﬂaﬂt 88d a9 the

observed in fluorescence. As a result o

spectiBRIshiffitic, nidwebdr’ dAsf@ale B HY GnVae ARBFI B¥Neiding the
50% and the cell survival rate was observed to be |esSs

electrobmict svdtitiod forhBuidr @samiunicavient [0 additions eldcttid€eld applying
noti ced that dead or |ess-grown cells frequently

conditiens vech ias pullse poltage, puie dumatiod-sldapelse ebpatition frequency
FIG 21) were drastically reduced in the result of the

and phaediket Wiersy 8ot LpnI thespreseat gageriolent, Tiievas epeset iup dat an

oted that the transfection rate and _survival rate

cleciiisy B0 B T HOEY o 8RR EOr SsHeh SlgMtion of 30 mms. Next,

an electric pulse was applied to the electrodes inserted into a connector out of the

=0

electroporation apparatus and the reservoir- containing only the electrolytic

solution under the electric condition.

1-3. Retrieve of electroporated cells

The specimen in the specimen-stuffing member was moved to a culture
plate using a pipette and applied with medium. Cells were cultured in CO,
incubator for 24~48 hours. The cells were counted and transfection rate thereof

was measured.

1-4. results

FIGS.19 and 20 are microscopic photographs of HEK-293 cells into
which plasmid DNA pEGFP was inserted by the electroporation apparatus
according to the present invention. FIG.19 is a photograph via bright field and



apparatus according to the present invention was
enpl oyed. Furthernore, if the el ectroporation
wa@ppanatcus according to the present invention PEBEKRI@d/001792
it is easy to retrieve cells introduced with
particular materials. 1-5. effect analysis based on
geonetrical structure changes of specinen-stuffing
menber HEK-293 cell specinen of approximately 100 m
prepared in 1-1 was infusedi+nto a reservoir at room
tenperature. Plasm d DNA pEGFP of 5 bg is added to the
specinen of 100 mas transfection material and m xed,
an experinent was_ conducted using the
F IGélOeJétqr Bhelogtainobisprechin flueresrenses Astheepd phie ereriment,

p| ckgé]lc up b e press re maint

Thies e(l%vg}%ermag yﬁaalreae% }bye@rﬁségalr \%ﬁﬁ/number of
il BT R 5B B art s B et
o ESFO SPRELOIR W) $00 12,5005 i o

phogl\g'reﬁ)‘l'l%rkr Enth @ Lﬁlo‘%?ttflé Csafrleelc&lc%l{loﬁzé \Wii%r@one by

ee times for pul'se dur

usmghtﬁe eécﬁﬁz*ehﬁ@ﬁﬂaéle@ﬁo tlbﬁpi@%§ i frabg rin SETRING which

hat the speci nen- st fing nber of a capillary is

HEK298d cwils hw%rélrﬁéﬁsféﬁ:@&l Bhabladhide DNACfpEGABSCOWL | & a
the | engths between the distal ends change fromO0.4 cm

photographcvin brighit dicld ahd WGt 2kisgephetoptaphcosdirtédbitsflam@scence.
experinmental conditions. TABLE 1 In the above table, L

As aieasoltes! thel axpgrimetitnthe trasdediioncrte o¥ast dpproximately 50% and
speci nenstuffing nenber, D denotes a dianmeter (cm of

the callowsviset raterwasiobisnaddo benleas dhan(thapyf Bre prgsent invention. It

ross-section, (cm1) =
coul‘(:i be notlce that deag or ess grown ce s%requently 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.

1-5. effect analysis based on geometrical structure changes of specimen-stuffing

member

HEK-293 cell specimen of approximately 100 wul prepared in 1-1 was
infused into a reservoir at room temperature. Plasmid DNA pEGFP of 5 ug is
added to the specimen of 100 u{ as transfection material and mixed, and an

experiment was conducted using the electroporation apparatus of FIG.8. The



Fol  owi ng the el ectroporation under the condition thus

descri bed, the specinens in the specinen-stuffing
woreovbesi6ner e noved to a cul turing plate andcul PCF/E#2G606/001792

24 hours. The cells were counted and the transfection

rate was neasured. FlI G 22 shows a result thereof.

FIG 23 illustrates a graph in which transfection rate

was greatly reduced when R is below 50. FIGs.24 to 33

are mcroscopi ¢ phot ographgtef HEK-293 cells into

whi ch plasm d DNA pEGFP was inserted by the

el ectroporati on apparatus according to the present

i.nvention. lLeft side of each figure is a photograph
Specamstr Ve Rifkedhipghy #iRripette-AyRe prepsuresmepiniainiag means, and

rved in fluorescence

h b - 6. .
B T RN
distalo fflt BE b Sb Ry Bt TROTPRE o et s8R bR, zyservoir
_ i 0 FLG 3 h that all .
contafity " e, HechUiWhe Shiiidh >t S ialiiliafin THE clectric
condiﬁ@ﬁsx{lgscﬁéto% riﬁtsﬁcﬁya hengt S5k 4P Qfe@ﬁco @iggcp Bﬁr@%u%/cm was
t he G shows a

according t present 1 nvention.

applidMee8Cmes forl$ palldeAubdtich 9F ) m@M¥hé! edPoporation was
illustrates a m croscopi c photographic result relative

implemendd BxQIhSs inthnerd dldtahe bggcim'ghaé”tﬁf hididr ot RMpillary
CHO cell line (ATCC. CRL-9618), HelLa cell line (ATCC,

is fixzd with sacrdssSked@ivnal deineter 0018366, whilBihe/ Jengtliscbetween the

~enpl oyed for experinments. The el ectroporation was

distal einds changd frorh@.4semeowags. Aablen! showe the gdorhetric dontlitions
to observe the G-FP expression except that GFP si RNA

and expsimaentaNendigors. USA) of 0.25 nnol and pEGFP 5 of ny
as tr%gséfﬁtli on materials were mxed wth a

L ()| D (m) | A (@B |R {a®) |[voltage| sel% Transfecti
: counting on rate
1 10,135 [0.014307| 279.6 | 2500 | 160/163 98.0

8 10.135 (0.014307| 2518 | 2250 | 138/142 7.0
2 10.135 10.014307| 223.7 | 2000 | 122/127 9.0
8 1 0.185 |0.014307| 1957 | 1750 | 158/165 896.0
4 10135 [0.014307| 187.8 | 1500 | 117/124 94.0
2 10.135 [0.014307] 139.8 | 1250 | 107/117 a1.0
1.6 ] 0.135 |0.014307) 111.8 | 1000 | 104/117 890

1.2 ; 0.135 |0.014307| 83.8 | 750 | A48/63 73,0
0.6 10.195 |0.014307| 558 | 500 | 43/62 6.0
0.4 [0.135 [0,014307| 28.0 | 250 | 18/68 26.0

o e

In the above table, L denotes a longitudinal length (cm) of the specimen-
stuffing member, D denotes a diameter (cm) of cross-section, A denotes an area
(cm®) of the cross-section, and R (em™)=L/A.

Following the electroporation under the condition thus described, the

specimens in the specimen-stuffing member were moved to a culturing plate and



specinmen of |OOM. As illustrated in FIG 36, G-P

expressi on was barely observed when enpl oyed with a
woreoedossod ut i on of GFP si RNA and pEGFP as tr anREBERR@N/001792

mat eri al s, which suggests that pEG-P and si RNA were

all effectively transmtted within the cells and

thereby the GFP expression was inhibited by the si RNA

in the cells. Preferred enbodi ment 2: el ectroporating

experi ment of SK-OV-3 cel f 2si ng a channel - struct ured

el ectroporati on apparatus 2-1. manufacturing of mcro

channel structure In the preferred enbodi nent 2, a

o LT T S T B o e v
mealiict FYRAIHANS pARAREEORi sposed with vel s for
sperlren LB FEn d FanB aF PGP SEiniaRfio el an rvattyapgiuced
e RENPS0. HIGG 7% o % B ThiBosfBott i Rlnbls ot MPic-203
N3 L AR AR 02 B
appdianRy atcordings hOUhe prsemPatwRAtiohhateft RedL ANBEh ﬁf.%lée is a

pattern was forned by photolithographic nethod usi
photlzeasireblsvedoia brighpfield, Eihﬂ&ig'\gfsi@é Is a pﬁ@ﬁigiraéﬁh observed in

photoresi st (SU-8, M croChem ssachusetts, USA) is
fluosgsicenemat ed on a silicon wafer to forma nold nmaster

of 20 mthickness. The soft baking is perforned to

make the nask pattern on the SU-8 coated silicon wafer

by the mask aligner (MA-6, Karl Suss GrbH, GCernmany).

SLeGArGPOrANT CXRCTHROIS HAINE psrcelldigspost  exposur e
bake, devel opnent and hard baki.ng process are . .
per &F FEgtro ongwere candugted ap dhe gume pexpditionswigh various

cell 1Bes. 'HlSeAgxp%frin?e% r%glglts(f a5 5h8 %rﬁ’l 1*1&.34, are such that all the cells

PIH g HE

1=

described in Table 2 showed an excellent transfection rate by the electroporation
apparatus according to the present invention. FIG.34 shows a transfection rate
given in a graph, and FIG.35 illustrates a microscopic photographic result

relative to GFP expression.

Table 2
ACC. No. origin Tissue
HEK293  ATCC:CRL-1573 Human Embryonic kidney
CHO-K1  |ATCC:CRL-9618 Hamster Ovarian
NIH3T3  |ATCC:CRL-1658 Mouse Fibroblast
3T3-L1  |ATCC:CL—-173™ Mouse Pre-adipocyte
MDA-MB-231 [ATCC:HTB-26 Human Breast
Raw264.7 |ATCC:TIB-71 Mouse Macrophage
Cos07  |ATCC:CRL-1651 Monkey Kidney




poured on the pattern. The curing conditionis 90 C
for 30 mnutes. The PDMS | ayer processed by 25 W
w@z2o0geoiepd asma i s coupled to a gl ass substrat ePCDKRRI0G1001792

a mcro channel. 2-2. cell preparation and culture
SK-OVv-3 cell (ATCC, HIB-77) was cultured in an CO2

i ncubator of 37 C, humdity 5% usi ng DVEM (Dul becco' s
nodi fi ed Eagle's Mediun) supplied with heat

i nactivated Fetal Bovine S FBS, Sigma), penicillin
(100 unit/m), streptonycin (100 g/m ) and L-glutam ne
(4 mMM). Trypsin-EDTA was used to separate cells from
25 C22t i sHEFEC WRLELTT2ngl flloask. The Msiobdhstcel |

SUS ion T on yas . adj ust 0 IXITO7
cel P@ m @ﬁgeh \7?% rﬁ@aﬂf Jm:l |($°qP%| | owi ng the
aplCh-daRi oATOE :HIBH22 was Hised as |a Riiemstt proof of

S
(e o Ui o 02 aiaghy o ot T Sbiat

5

cdhaeg¥3onICy (EetB™ Jorlmesnt narlieer The Pl is an
I ndi tor @Qbral’}ﬁl trodu . I

celd Bg:ﬂ.d i %@Q?g}:eu jAto n&gl ei ¢ aqédrgng]P?L@gg' p?lture
menbrane is perneable, the Pl enters the cell, and is
conbined with nucleic acid to emt a red fluorescence.

1-77%r ?eétf%hetflséi f the red fluorescence is determn ned
—by*%dr%‘e_a‘mﬂm% : combined with the nucleic acid, it
is pasQl KlIElhe (R@(ﬁ@f@kﬂ%’l@b} Akl YecaNfhy guscEn €2) and
present experiment, Pl 1.0 ng/m was applied to cell
SKI@i3ingdln linke (AFTCE, PITB-729 Wwéte/ Jempleged sor Ghledingits. The
fluorescent protein) extracted from Aequorea victoria
eledtegporatioy tveas vosdunted ty thendarr sayorasoin tHdseadfi Y€l to 1-4 to
inner fluorophore, it is variably used in the fields
obsefvebthe (AERi exiprgssemdexxept thait EFARy gIRIVAe(ABEPiors NGed626, HSA)
ene expression marker of protein targeting in cells
of &aa @l@ﬁﬁgd nEGYRE pf ¢igens 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.

Preferred embodiment 2: electroporating experiment of SK-OV-3 cell using a

channel-structured electroporation apparatus

2-1. manufacturing of micro channel structure

In the preferred embodiment 2, a biological experiment was conducted
employing an electroporation apparatus having a specimen-stuffing member of a
micro channel structure. An electroporation apparatus disposed with wells for

inserting electrodes and channels as hollow specimen-stuffing members for



experinment, plasmd isolation kit (Pronega, USA) was
used for extracting and refining peEGFP-N plasmd for
wa e@emomict4 i ng GFP of colitis gerns E. coli. ThBCT/KR2005/001792
extracted plasm d DNA was checked on an agarose gel by
way of el ectrophoresis. The concentration of the
plasm d was determ ned by neasuring the absorbance at
260 nmwith a spectrophotoneter. Before the pul se was
applied, plasm d pEGFPN wa&S-applied to a specimen in
the concentration of 0.1 bgl mlL. A reporter gene
expressi on was used as eval uati on of successful
In ord to j.nspect.t res

t fecti . [ .
congeqting 1B ullias rmkrstied Y € anced Such pPldg orfhe like.
Theé&%ﬁﬁ?t%@%@f%ﬁ gﬁ%ﬁ,@ggﬁ}ﬁmgggﬁ%ﬁ%ﬁg %fﬁégl%&;éﬂanufactured
wit@' in ML 2CG0id B ARE E@(ﬂ@ BP{) Ofm 34 viaH Sf Rl Qlafinel.

expression I nspection. For ce culture, no prior

Howée €58 é’lﬁ)%l(?oﬂéju ‘ijerﬁxgrﬁi%t tHeOTchtBndll PaftBrd Avhd&Formed by

m cro channel device. 2- el ectroporation A system

phot@th&&@phicORRHSd QSingPRtbHAsks. Foralxahfilenfitndtalg-degative
el ecttoporation apparatus having a channel structure

phosiegikESU-B, WifdroGhemiyDeassadtarettsidS Ahiig bpinetdaed opul sibicon
generator, Pt electrodes and an el ectrode hol der. The
wafeetd farpes nmeld snastepaf 2@ vinnthi¢kneas. SFlensoft bakiag i3 perigemed to
introduced into one well to allow the channel type i
malepthsi mesk spattefn p thenBE-§ qostagesilicph edaferthy the imask aligner
speci nens or_to allow an excess quantity of specinen
(MA®, teart Supe GmbHe Gesmank). |SUSypattesn 15 sxpossd tQalight, aadgost-
pressure action, or to I the wells and
expbiEe) Wilts LR Bod DT, BUCHR| BOSES Dy RsTarods, Then,
L fixi th Cl\r ol.deron m pe,q t.he .
mingpaene ke PREV 808 CBa SR BrEERIS B, bl agent is
appl.i i f @l ectr] . . ThE -Ri
pou&egcﬁg? gﬁ%;ﬁ@%’g‘l ggnﬁncglé‘[ﬂggccﬁgﬁtg&i is'96 B3P 30ohiAfEs. PrieSPDMS
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 Eagle's Medium)

supplied with heat inactivated Fetal Bovine Serum(FBS, Sigma), penicillin (100
unit/ml), streptomycin (100 pg/ml) and L-glutamine (4 mM). Trypsin-EDTA was
used to separate cells from 25 cm® tissue culturing flask. The final cell
suspension concentration was adjusted to 1x10” cells/ml. The survival rate of
cells following the application of pulse was used as a direct proof of viability.
Before the electric pulse is applied, PI (propidium iodide) was added to cell
medium. PI is a conventionally used fluorescent marker. The PI is an indicator of

cell membrane introduction in a living cell and is inserted into nucleic acid. If the



conmput er via an anal ogue out put board (COM - CP301,

Com zoa, Korea), and was controlled by LabVIEWver 6.1
w@ dvioarsad | nstrument, USA) program |n order POI/XK&2005/01792

the performance of the el ectroporati on apparatus

according to the present invention, our experinental

results were conpared with those of square wave

el ectroporati on apparatus (ECM 830, BTX, USA, see

FIG 2) and cuvette of 2 nm3gap equi pped with parall el

al um num el ectrodes (see FIGI). In order to analyze

the performance of said two systens under the sane

electric field (IkV/c%the cuvette was applied with
cell smembrapg de permedde)thedticenters the eel, anhimeombimedewith nucleic

B PR RS e
O 500 . cq e .
s B L BB B 80 PR e
/ . focti e ' on
A L PR SREBBICEY £ e v
applidd ﬁ)eceqplﬂggltdn?ﬂ?t l%'ﬁ]o%fag%élfg(ﬁ fto 0.25 kvicm In

order to observe Pl absor ‘a reverse phase
f | UBESR%6E BFPTLELASTRRE i 530 ' i
with 100 W ner cu?ly I an%&e?ﬁ(g%glgggﬁfg%dl ens %«%ﬂ%ﬂr@l\ﬁ)@f&tona
has waﬁ%h&eﬁsibﬂh@ A Binidkesn epktfestive ek ttRicRepiyred iR Ovtfhbly
nm band pass filter, and the fluorescence I nduced from
used hethed felds afobiatkemisedyl andvesll fhiblogyeThbyGEP s niset a3 gene
pass filter. Image of resol ution 640x80 pixels were
exprebsian nmdrleirt bf protetie Ligdhg naneslss andsorggni2 Thi theCPesent
canera (PCQO, Kel heim GCermany). The exposed tine of 10
exparimonfs piasuad iselatign| kit {Braraegss . USA) ovatensacdb fabexsraating and
t.he fluorescence.relative to cell viability and G-P .
refinipg PiNinplasmid dor trapamuttigg: GRB <ok politey 8army Ty 7epli.cThe

n and filter, and the induced fl| uorescence S .
extriqlrd BPRsaTe P NAOKR Phrr S AU FEE Sl RGRaY of clecttophoresis.
The %ﬁ%%t@ﬁrfgﬁgé %?as%'ﬁéevlvas ét%n&%teé 'b%%eéjssu'nrh% t%eca%lsgrrbance 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 EGFP
expression inspection. For cell culture, no prior process was conducted except for
O, plasma to the micro channel device.

2-3. electroporation

A system for electroporation comprises the aforementioned 2-1
electroporation apparatus having a channel structured specimen-stuffing member,

home-made high voltage pulse generator, Pt electrodes and an electrode holder.



(AW E300, Panasonic, USA). 2-4. results Wen an
el ectric pulse was applied in the cuvette using Al
web@enowdes (see FIG 1), air bubbles were PCT/KR2005/001792
el ectrochem cal ly generated on the surfaces of the
el ectrodes to formtwo |ayers of liquid and gas
phases. FIG 37 illustrates an Al el ectrode surface
before (a) and after (b) the application of electric
pul se when a cuvette equipped with a conventional - Al
el ectrode is used to performan el ectroporation.
FI G 37(b) shows air bubbles fornmed on the el ectrode
surface. The air bubbles are created very fast and
The gelhspetimansqueprred an dap piogengntionesh@r wenmentmweéumto one
bub {Or%rmverrent in cooperation wth t

welldp e Fhannel dyps sRechmERting l@amb@hs tq be filled with cell
speciigi i, FUOK b PErRBAvBRER] Of FRFCHEEN P 15 Blieb 3t Gier wells
by e o8 Y BetT RaEf DR 2p o diesy B 425 S ¥cimen-
stuffﬂ{ C‘%c%rggg nr%:' d?ﬁf%ér%@ g%l'irtx& ngbS( ﬁgﬁgﬁﬁgo& V\ﬁfro%@ fiolder on
the %’ﬁ@if@écﬁ et hat ERBuslR E@%gﬁﬁ% gﬁféetééf a%tﬁﬁdo%y PBE%IQQHhunder

he di s ends and 't Ity o

appu@aﬁsﬁ ro@‘é@edﬁ&é phise! Tﬁé’h)% Jpiille &E&ﬁfé@kvds%(ﬁﬁféb% to a
prevent the air bubble ormatl on from directly

compuitkt wén Ginngnadogud) Suthve Gored { COMI-LCPHEYI Combidah ®stea), and
the bul k nmedi um novenent in the cuvette wherein the

was abntrbllbd|tss Lab¥IEWE aee . 1 {National IndthenerstdiUSA) program. In
el ectroporation apparatus having a channel structure

ordentx yedHnthe rerformance 94 1th¢ slestroporativarapparatusiancerding to the
stabl e conditi on because of |ess air bubble influence.

Preseri dnKeRiQN, cE et isantd tgpelinwese gpmparest wiE those @ftsquare

WaV%glggﬁ})ﬁrr;&@@%é%ﬂE@@Eﬁ@@ff iﬁsf:% ﬁ%%ﬁ&ﬂ?‘é‘fﬁﬁe 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
(1kV/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 zm, 300 (m, 400 ym, and
500 /m, 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/cm to 0.25 kV/cm. In order to observe PI
absorption, a reverse phase fluorescent microscope (LX790, Olympus, USA)
equipped with 100 W mercury lamp and x20 object lens (0.4 NA) was used. The
light was optically filtered by a 530£20 nm band pass filter, and the fluorescence
induced from the electroporated cells was filtered by 590 nm long pass filter.

Image of resolution 640x80 pixels were obtained with a rate of 15 frames/sec



the el ectroporation can be visually studied using

m croscopes and the like. 2-5. intercalation rate and
webk@ehowiper neabi lity process inspection A | ocBECT/KR2005/001792

i ntroduction of Pl during the mlli-sec (nms) unit in

the channel was observed after a pulse was applied to

the el ectroporati on apparatus having a mcro channe

speci men-stuffing menber according to the present

invention. If the sane scope-of electric field is

applied in the conventional system the P

perneability process was detected fromal nost all the
cells within the mcro channel. FIG 38 illustrates an

using ARyt €I canwss (REOPK elheizm, CRomanyhilhehexriosed time of 10 ms
channel . Right after the application_of pulse,

was givans iy dhithe casem Ehowdesde ispaver thenflugreseqnes ngléié’\gati;, cell
iabF e GEFRGTRES Rt S5 s BUSEA 4EREY b B
pes i e 356 o b hBL g 57 SE05: e s it
o SUSELYSHED SR S RERYBAL § B e e

(A\Wﬁbboiﬁaﬂa%bﬁ%ca‘ﬂm ageous because it can provide an

i nportant I nformat1on about the basic cell process.
2-4. Fauexanpl e, by way of detecting FRET (fluorescence
resonance energy transfer), the oligo DNA pair in the

cytWwheRaielétirid puitbsedsvasplicd ih ehe Buestdidieg AlidlécteodeSsee
MRNA. Because it can be directly observed in real

FIG.0),neir biisbles owerec bleotrethaeichlle gaeoatdd non tthe tdwefaces of the
present invention is very useful. 2-6. el ectroporation
electeddescto foapetivodaydiamidiquid antl galkgpigess.ifiG.37 illustrates an Al

el ectroporation apparatus having a m cro channel
electsrda surbaresbefbre () andnadtar (b) the applidaienrafpdeddticqlse when a
apparatus, the intensity o ugrescencge relative fo
cuvelfge caBPPERt PR s Capyauihen! v& Sastioded s garkm an
t he chann idth.. 1f the electric | se i
cleotigRan. FHE-SHELAIYS Bt DY ugs doaned gl i Eleafipge sugtace.
The ' G8b1ed e reated 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,0O3), 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
(Pt) used in the present invention prevent the air bubble formation from directly
influencing on the specimens. As a result, although the bulk medium movement
in the cuvette wherein the air bubbles are created is strong, the medium in the

electroporation apparatus having a channel structure according to the present



decreased as the channel width increased. FIG39 is a

m cr oscopi ¢ phot ograph of cells infused by Pl via
webk®@enowporation in two mcro channel s each haRCTER2005/001792

di fferent channel width of 100 nm(a) and 500 m(b)

respectively after 30 seconds of pul se application,

wherein the electric field was 1 kV/cm and pul se

duration was 10 ns. It was confirmed that Pl

absorption of cells in a m36ro channel having a narrow

channel width (100 mm is nuch greater than that of

cells in a mcro channel having a broader channel

width (500 mm). In order to conpare the Pl absorption
inversiomt care mainfaive stableocanidanore bscawe othkss agr hubble influence.

different channel width, imges were photographed at .
The Bri¢noaelannst strygtire gochrslieg e rthermresent [irueatiqe: ét exeellent in

visuieeUe BRIt VERv Geoied by Flettiostsnt SRR ILAgAshgmism of
TLAB pr.ogr Mat h ks,. l,nc., USA), .
the Ple BABPRIOBCAME BFU D s fied it MitosrEsas REL AR Jiks-
was s : i he cell

.scal e uni
X €

2.5 B e RO U dlf SO DS AN SN REALS U ih ol Bl
thas Tt Ebdesiset §TRTSprRer b fliset (R, Bt 17 CHanncl

wasGERIF& %ﬂéﬁr Q?ﬁ[ﬁ%t\{/%sg %@ﬂie@%t BE 1S RatiGiE afpBahls M ing a

gap i n the cuvette system were not seriously

mict® %ﬁhﬁl%]%%cfrﬁ&l@ﬁifﬁﬁg hRaaBBN 86 ordince fHeCpRsedtaimiehtion. If
speci nen-stuffing nmenbers should be given a speci al

the @ahRN§dope. ofl bleceié &idld df dpplieéliacthei corpehtienalosysdiem, the PI
cells was analyzed in bright field. The bright field
permeabifisy proedssowavaketaed] frine clmoderllt the calidiwithinsthefmicro
150 m and 500 mm wi dt hs. The pul se conditions are the |
chagaete FA6. 3 dldestrttes ah dnfisigre progess of(Rbime 100 gmywidth micro
electric field). Images follow ng the exposure to the
chashele Right aftarsbe wpplicaiemph EHlSQ:BPE ¥@s 1aErsgd oy fpam an anode

. pul se application. Exposed to the _. . . .
dlree:tlon. Asgc?me goes by, the ﬁuorescence was dissipated all over the interiors

of the cells (c 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.

2-6. electroporation effect based on channel width changes in electroporation

apparatus having a micro channel specimen-stuffing member_

In the electroporation apparatus, the intensity of fluorescence relative to

dye absorption is differently observed according to the channel width. If the same



electric pulse, the cells were inmmedi ately swel |l ed.

FIG 41 illustrates a cell size change before and after
wa@eooelest4 oporation in two mcro channel s, eacPCTERR200§/001792

adi fferent channel width of 150 nm(a) and 500 m(b),

respectively. By using AutoCAD 2002 (Aut odesk, Inc.,

USA), the cell dianeter increase was neasured and

increased rate relative to diameter before the pul se

appl i cation was cal cul ated34Al t hough the cell dianeter

at 150 nmm channel wi dth increased approxi mately by

23% the cell dianmeter at 500 nmm channel w dth

i ncreased approxi mately by 10% The said difference )
electréd pulseas applid thé amaedityofigteyswelesuniv rjative s theeeell region

fromthe different degrees in _electroporation. From
decrenserbas heuthagnel width dnerensads éd.3hista Beereseonie ghotograph of

shapes aof channel cross-sections such a ch%nnel

%’@PB S

cellgyimussd dry Réi Yt eelipRargiion el Ve tRIsEr ofach bpying 2
it AP SR SRS Tl el S bRy attr 30 seconcs
' - ffi . reyrb P ' ' .
of PSS BT Icanay BPORHi e Floot eI VaS J RYRsh s pulse duration
was R CHHR G R ol byl o Ml e hving

a n@YRHe3anhd ®&dths(100! }@yisehuichezehRe thaP iatdfogelisninE&iicro

transfection experinent, it is necessary to have a
cha®®d]| hatthg W BroadBe ch@ihdl nwidie (EGHRm).r Bnstdst toobompare the PI
experinent in the channel specinen-stuffing nenber
absé@peiondengve @o tihe miasahanhely @ath davingrs dif€drennchamel width,
made as to whether the channel specinmenstuffing nmenmber
imaged|viderbephistedraphed atedér fimimesfsec dwling dheé t enperindaitss Image
were infused into the channel and the entire PDMS .
progesanves conduried algyeryl pp sumea By using gaaphigsaftare Rarg Shop
and stored in an incubator for 7 days.

2
Pro; 1 0ep Sogivare LIS @ MOATL M Bragshm @R eksgne., USA),

| asma, process for coupling P to th
an a?verage ir?tens(,:lty of the grey Rcatedunit tor the tbace;kglround was subtracted

from the grey scale unit for the cell region. A comparative data relative to the P1
intensity is illustrated in FIG.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 um and
500 um widths. The pulse conditions are the same as those of other experiments
(10 ms in 1 kV/cm electric field). Images following the exposure to the electric
pulse were obtained 25 seconds after the pulse application. Exposed to the
electric pulse, the cells were immediately swelled. FIG.41 illustrates a cell size

change before and after an electroporation in two micro channels, each having a



gl ass was conducted in the PDVS channel device.

Followi ng 7 days, as a result of observation on the
wowrdb®omngd cells at the distal ends of the chaPtiEKR2006/001792
could be noticed that the cells were well dispersed on

the floor surface and mai ntai ned an excel | ent

condition. The cells in the central channel of 50 m

channel width stillsurvived, but conditions thereof

were not good (see FIG 42¢a@p). It seens that the cell

culture was ill affected by lack of fresh culture

medi a and CO2, and cranped physical space caused by

narrow channel width relative to the channel |ength.
differeas changd)) widd) ofnd am(aal srd i JQ0u sehas éeaoqcayabft By using

wherein cells are cultured for seven days in a mcro

Autehadh 2062 d Aariodesls Fig-aU8M01 Breetall dieiEl DGR WS mspsured
and Emr%pggq%errgg%? gt%(?ggt,o el pﬁ)@goreai\é gp!;gta@aﬂlgigtagf W%.S calculated.

R R e
3%&0 fo ' Ohl&{ﬁ%iert fes566¢ aak %Hgﬁﬂjerl %ﬁ%?e%h@él ealﬂg?oh%tely by

: opora on ‘appar 4t us accor
10%.%%& th:FfHBn%e ‘T?I%Yi@%tt@ e %eﬁ%&fﬁ SRR t%oéé ftshRed from
provi de real time visuallzation

the HHﬂ%EﬁP@e e§ ﬁﬁel%&t‘f'@% rﬁfloﬂ Ao hez lrbsulfsOit wad 8@firmed that
her mor e e el ectroporation apparatus

geoﬁfeﬁ%dl's‘hﬁ &9 of RRaie? Sebds-402vions isach aewWhdnhel widtas toe deyghts
used in sinultaneousl y tracing the routes of nultiple
duripgothei glsctvopdration dfinticng chehhelf specamémstnffingembmbess stypuld
nano-si zed quantum dot sem conductor. 2-8. EG-P
be cexpidessl.on in SK-OV-3 cell A biological experinment was
carrl ed out by EG-P which is w dely used as gene
2 p hapnelspegime-ptufling anaseben c pul se of

1. kV vvas apl [ ed to induce_an_ele ield of 0.75
kV/ BE.MSrls 1® maéenaiha@rpﬁnaw gﬁe@i‘t@a?eé fﬁaﬁet ?Xﬁ#eliﬂo? channel

devgqeésfeug)g $ g qlgglcal Sui albslltlgfsa{nlgigpgrlﬁ{era ﬂtltlyy BreT:%arull(seet ¥ usuaﬁ<y 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

excellent condition. The cells in the central channel of 50 ym channel width still



apparatus. The said electric field condition was too
harsh for cells in the channel structured
wa pweiommemnt st uf fi ng menbers. The cel |l s were i NSPEDK&A05/001792
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 for36t-he currently nmarketed
el ectroporati on apparatus is too strong to be adopted
for the channel structured el ectroporation apparatus
according to.the present invention, so the electric
suryived dbwecondhieretherepft weremnai goodi(see PEGIA(ahh Ttosegnipgthat the
t. As a result thereof,

kV/icmin t. t i .
cell ghltige as Hlorbecled Budatht Fosthedltirganediarnd Clagenchpramped
0.4, kV/cmto 0.5 kV/ dit ) fi t hat
oL B R YA 6B b 5B e Mg i
i Ak FI.Gs..43.(h). how,t
FIGRRREN)! 8BS ok 5 GRuf R Rlin 30 O phGR peven
days 1R LRAEGYcifdinefd ERMVhdvRhe 8! EREARVBLhONWIdK! 150 1m, 200
el ectroporati on apparatus according to the present
(m i2BYePS0 Qi rSspledtivaB! at @%aRl bBNholelathat hAE &fl1sUiend %ﬁ@hed,

cuvette-type el ectroporation apparatus. As nentione

dissipatbd @hd subeesdsfifllis hitgel iR @B ad@ mikdo\dhauabl. 280a irésult of the
real time using the same el ectroporati on apparatus

afornoantidined expetin®nprie sestconfivasd il .the oell Ralture was possible in
el ectroporation according to the nethod of the present

the ietegtnopooatijont iEpayatue rratomdmgto therprosdatilipgeminzh. This shows that
conplicated novenent of cell nedia and cells were not

magh Asivappges t¢mdd biinreeidedealongewtith, thhaehbriime t viswalization
and hol | ow speci ngnst uf fi ngi menber restricts_the

funglien gy tog rBEY oft diAEIONS Fells debretlongatimg. r ferthewmorgy the

ven electric field is formed on the entire , ;
elecROROrFHAN EPRATATIGISTRIIRE 10 THoPLPH ORFRHUR COMILbR expeotedly
used rl]r? siRufan: o%giyngrgc'i%tg lfflé roed’s m%rltigl%hparg%eelrsls %Vriﬁqin a living cell
for a long time by using nano-sized quantum dot semiconductor.

2-8.EGFP expression in SK-OV-3 cell

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
fluoresoence was not detected. The electric field adequate for the currently

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



mat eri al absorption rate in the cells. Industrial

Applicability As earlier nmentioned, cells can be
we@2®bloyi6ed ect r opor at ed using the el ectropor at i BECT/KR2005/001792

apparatus according to the present invention.

Furt hernore, because the cells are electroporated in a

capillary, pipe including tubing or mcro channel, the

el ectroporated cells can be effectively retrieved and

used. The thin, |ong and had7-ow structured

speci men-stuffing nmenber enables the current to flow

only through the narrow pi ping, such that an even

electric field can be providedin the specinen-stuffing
struegiired reledraporaiiomiapharates eeenrdmg tmihe presgat amvendiony tso the

cuvette. Therefore, it is possible to reduce errors .
elegtpg digldnyas chang 40 i he FRBES UraRsi i 1075 KV/om in the

e PR BB B Bt Sy RIS E vy e
N TR
oA B BB PSLL AR 0 FUGRPiy o, )

(c) TRBRE R ¢GOS qﬁijofrgtthﬂé fgsﬁﬁo"ﬁe%ag OYertfiéd tﬂaﬁ’ie‘tdﬁ.se Energy

As el ectrodes of excellent perfornance are use

effiIBRAEY bl @Meclopdxtasiiirtl Wie %Ibc%@@megpﬁ!ﬁhﬁfs &cording to the
formation of netal ions can be reduced.” Furthernore,

presdner @vesation tis| farl oRse odxcellent nigdis thdtn ofdghihg ofhe cuvette-type
experinments can be conducted with only a small anount
eledfopopacomeparsmsause t he smal | anpunt of specinens can
be filled in and retrieved fromthe specinmen-stuffing |
menBermanidonast earbigndhpyinBisstg presesst cambe Misuahigedonecal time
by properly controlling the pressure naintaining )
usingp Hiessarge |© PR apPparaiys cacserdiag to she auesmitineentiop. In

the cFBEFoRANAR | Brrossidr 40 ies iR h i 167 DispeiRyention, the
geng%( 1Jeorni 0 reﬁraiaubbles and complicated 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
even 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.

Industrial 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



conditions can be easily created, enabling to process
several specinens at the sane tine. WHAT IS CLAIMED | S:
wa2o00b0mlect roporati on system for introduci ng POT/BERQWS/001792
materials into cells by eletroporating cell nenbranes
by way of applying an electric pulse or electric
pul ses to a specinen including the cells, conprising:
an el ectroporation apparatus; and a pul se generat or
for generating an electrie Js se, wherein the
el ectroporati on apparatus further conprises: a |ong
hol | ow speci nen-stuffing nenber of non-conductive
. material; a reservoir so connected as to fluidly
in thenpperiegnestuifing meibsracomparedf withe thep eonvericsiali ffrond and
menber; and a pressure mai ntai ni ng neans connected to
shogthcuyieier Gherefareeriyl i possithol foweslveei prorstiekhiting from
nber to fluidly_co icate via a connector disposed

eXPﬁnfl{f}?néﬂ EMEEtoRy e henlerrorpTatian apperus acwrdisier to the present

invFBP 68 ey FiBlofrCandnhe FoP el G Ao naHEh are
. 2 : i bv .t h .

skl W8 SRR GRBETET LT BRESEA v, of plaium

electRIdes| %ﬁgegkﬁﬁé‘ﬁoﬁﬁﬁ& S3f E%(%;{er | (ﬁsﬁo%ﬁﬁlg?élggqs (?efsg iSHCh that

di st al e specl nen-s I ng ‘ne

the GPBFRHECAUERRY n@Msh@8 c8hasd Eé)&vdﬁﬁ’élﬁféroe{sg%ﬁﬁf g&Jt ﬁrée time use.

pul ses are applied to an el ectrode ntactin

As slpettbdeoDexdelieneh@eormedntel e 296 1the Behirdatiefl dffbxt[)%@n due to
reservoir and the other electrode inserted into e

deceinposeddatiradbtiation of ineil ibhe ce@beesdtded Futtherab, there
. electroporate the cells in the specinmen filled in the

is lighelaseod speciffens glmaddition 2expEnnents tembacoaddeted with only a

claim1, wherein the specinmen-stuffing

small amount of specimens because the small amount of specimens can be filled
in and retrieved from the specimen-stuffing member and retrieved by
cletroporation. Furthermore, by properly controlling the pressure maintaining
means, a large amount of specimen can be automatically experimented, and by
using a plurality of electroporation apparatuses in parallel, optimum experimental
conditions can be easily created, enabling to process several specimens at the

same time.



menber has a ratio (R, cm 1) of l|ongitudinal |ength
(L, cm to horizontal crosssectional area (A, cnR) in
wo b@soarsge of 1/50 to 1/10,000. 3. The system BCDERAOGHO1792
to claim1 or 2, wherein the holl ow speci menstuffing
menber is a capillary, a tubing or a channel. 4. The
system according to claiml1l or 2, wherein nore than
two el ectroporation apparatuses are arranged in
parallel. 5. An el ectropoerat+on systemfor introducing
foreign materials into cells by eletroporating cel
menbr anes by way of applying an electric pul se or
el ectric pulses to a specinmen including the cells,
conprising: an el ectroporation apparatus; and a pul se
generator for generating an electric pul se, wherein
the el ectroporation apparatus further conprises: a
| ong hol | ow speci nen-stuffing nmenber of non-conductive
material; a pressure maintaining neans connected to a
di stal end of the holl ow speci nen-stuffing nmenber for
fluid conmuication; a reservoir connected to the other

' I t ' -stuffi nber f fluid
WHARISGERIMIDIR Mohosed wi th an el ectrode
haiiledl M dd o rode
1. SRR SREPHCTEY Al ERoRE Ry iRl Sl %ells by
e S T S R S R A

pulsiﬁn’toeé §SddiRER ihEubidkathe RERS, Idongstidifg:connect ed to the

ectrode di sposed at the reservoir, wherein the
prQﬁﬁﬂé@nﬂﬁhﬁﬁ@h@bﬁ@ﬁﬂsaﬂﬁdiS a pipette di sposed at
part of the body thereof with a conductive contact,
anch puls®gainraterlfor gematating spekettic pulse,
wherein the electroporation apparatus further comprises: a long hollow
specimen-stuffing member of non-conductive material; a reservoir so connected
as to fluidly communicate with a distal end of the specimen-stuffing member;
and a pressure maintaining means connected to the other distal end of the hollow
specimen-stuffing member to fluidly communicate via a connector disposed with
an electrode insertion unit,
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 eleciric 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.



I nsi de the specinen-stuffing nmenber is inserted for
comruni cation with a piston, andwherein the hol |l ow
wa pweiommesmnt st uf fi ng menber is directly det achedP@RER2005/001792
attached to a tip nounted shaft of the pipette, the
novabl e el ectrode is raised or lowered to a distal end
of the specinen-stuffing nenber by a depression button
of the pipette to fill the specinmen in the
speci men-stuffing nmenber or4Oetrieve it, the pipette
Is inserted and fixed to a reservoir hol der inner
pi pe, a contact bodvC | of the pipette body is
el ectrjcally connected to the el ectrode term nal via
t he2f i Kingydliem ascordiag rieselaimi fl, wherein i thaespauimen-stuffing

meher BRS Sl CaE D Of [GPetReina @it ALoenie horizontal cross-
sooffpifl et el pthe Pl R IR a0 e 16 the
Cor 0t 1158 SYFBRLAEI O 1 cBBRCLIF % Shareinefiy Toflow Speciumen
L1514 ' filled in th
S B e Bl S oBREEL 12T, ccor ding to

cl agm ' ; [ ~stuf.fifng r
rati oq?llg, @g%@% 'ﬁgtfc&ginﬁ ﬁ%i ?% [ nz}ll Bf eir]fgt ?%% 8#?@ glan two

eledMVPoZAHUPAp R ABSELHE RRlsed i€ Pafafle] CMR) i n the range
of 1/50 topplal 10, 000. 7. %he sgstem according to claim

5 0f. An slbetreporatioe shelehd orspeOIEMS! fréigAdmABIRS i1itS cells
a capillary or a tubing . 8. The systemaccording to

by aletavporbting cell mérebeines biyewapwiibpslyiieat ehderit puke or electric
plastic of which surface is coated wth conductive

pulses tepispecingn maldiyg theneedlscoomdprisingo claim 5 or 6,
wherein nore than two el ectroporati on apparatuses are
ar r ¥hgleatrpporgtipg|apppratus; 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 pressure maintaining
means connected to a distal end of the hollow specimen-stuffing member for
fluid commuication; a reservoir connected to the other distal end of the
specimen-stuffing member for fluid communication and disposed with an
electrode contacting the specimen or an electrolytic solution; and a reservoir
holder equipped with a fixing unit for fixing the pressure maintaining means, an
electrode terminal electrically connected to the fixing unit and an electrode
terminal electrically connected 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



10. An el ectroporation systemfor introducing foreign
materials into cells by eletroporating cell nenbranes
whyoosayieof appl ying an el ectric pul se or el ect PCKR2005/001792
pul ses to a specinen including the cells, conprising:
an el ectroporation apparatus; anda pul se generator for
generating an electric pul se, wherein the
el ectroporati on apparatus further conprises: a |ong
hol | ow speci nen- st uf fi ng-ngnber of non-conductive
material; a pair of wells forned on the sane substrate
as that of the holl ow speci nen-stuffing nenber and so
connected to both distal ends of the specinen-stuffing
e sdesreihothef hollalv cparmmnestufing nserdber scdireetls detached and
applying an electric pulse or electric pulses to, the
attachpé ¢o metip yountesd shefs of gampinstter theamevebleradesiredreis raised or
el ectrodes are inserted in the wells throu E whi ch th%t
lowestd 60 pi distplipad of she spgspmeasteiding Reahst iﬂye% FRisSFigpdutton
the cells _in the speci.nen-stuf.fing er. 11. The, . .
of theypipeth i BYrthe FReFEE 18 fB?CWF‘é’r%PﬁI%B‘lemlber or retrieve it,
speci nen; styffin er has a rati . . of a
the RGP BUIRTCS GHEL ANER.Tos fy TesBriat MBI, il Pip] a’contact
LRSPSELhi 0 i
bod {23 EFEMeIIBecsFb58y LfuLRRMLY RohfEd I LIchrgle tminal
; elg | ' LN I shécifRAesteffin
via YRR ofi, ) HE R ATELTRRLET P PIFETREY shecifiRlibfing

menftfer 9§ déongoéiﬁoﬁé@iag‘ t40f181dl¢ bonvhghiRhte Wathetlihspedimen or the
el ectroporation apparatuses are arranged in parallel.

elecbytidsohiast SORMA iatthe Restysdiearidoun ¢lettrimdudseigr tlectrigpulses

materials into cells by eletroporating cell nenbranes
are pplidytoofheaglpbtyddrgcantaeting the speniise arthel dectrolytic solution
stored in the reservoir to thereby electroporate the cells in the specimen filled in
the specimen-stuffing member.

6. The system according to claim 4, 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 1/50 to 1/10,000.

7. The system according to claim 5 or 6, wherein the hollow specimen-
stuffing member is a capillary or a tubing .

8. The system according to claim 5 or 6, wherein the movable electrode is
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



pul ses to a specinen including the cells, conprising:
an el ectroporation apparatus; and a pul se generat or
w0 oroeperses ati ng an el ectric pul se, wherein thePCT/KR2005/001792

el ectroporati on apparatus further conprises: a |ong
hol | ow speci men-stuffing nenber of non-conductive
material; a pair of reservoirsconnected to both distal
ends of the specinmen-stuffing menber for fluid
conmuni cation, and the res@rvoirs are disposed with
el ectrodes for contacting the specinmen or an
el ectrolytic solution and an electric pul se or
el ectric pulses are applied to the el ectrodes
contadid feneriver Sqraganeratingrart ¢lectrlcemilsgl ytic sol ution
stored in the reservoirs, thereby el ectroporating the
cellgreéin theeelspeaporation iappedhtius fatkerspemprses: ¢t lang hgllow
menber. 15. The system according to, Iain11%b%ﬁf%¥ein

specirhen-spdfingenemsber ¢f men-perdistivedpateriakig pAY R syfpriged on
a longitudinal length (L, cm to horiz a

the gamoe sabstpisnas thaleal (the bolfow; spacHaep-sHgEngs mepahsr, gnd so
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t ' llel. 18. A
the SFRERIGLH A% BUFe BEAARRR ] P2 o Vg an electric
?u l\f’lﬁergfnbﬁlea‘}&r&(ﬁ& ‘é&éﬁl%efté’cll '?n fRewEI® throtigh wehioh tieetlestric

o thereby ectroporate ce menbr anes and i nfuse
puls£§ l%‘r”é \%@gﬁ@@i i BlefeliynbRcibpored Ithe ligpin siengpedinteanguffing
ollo

peci men- st uf fi ng menber of non-conductive
meniBRkerial; a

11. The system according to claim 10, 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 1/50 to 1/10,000.

12. The system according to claim 10 or 11, wherein the hollow
specimen-stuffing member is made of a micro channel or micro channels.

13. The system according to claim 10 or 11, wherein more than two
electroporation apparatuses are arranged in parallel.

14. 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 reservoirs



reservoir connected to a distal end of the
speci nen-stuffing nmenber for fluid comunication; and
W@ 2@sees e mai nt ai ni ng means connected to thePOI/R&2005/001792
di stal end of the specinen-stuffing nenber for fluid
communi cation. 19. The el ectroporati on apparatus
according to claim 18, wherein the specinen-stuffing
menber has a ratio (R, cm 1) of a longitudinal |ength
(L, cm to horizontal crosg3sectional area (A cnR) in
the range of 1/50 to 1/10, 000.20. The el ectroporation
apparatus according to claim 18 or 19, wherein the
hol | ow speci men-stuffing nmenber is a capillary, a
conmegiéchfooboth cdistahe¢nds2 bf tHee speentanestaffing omeappar forugluid
according to claim18 or 19, wherein the pressure
conyiiHeatioi, 8§dneans i s connected by a connector di sposed
with el ectrode inserti on_ﬁni t for inserting the

el dOFFERRAVOIBS arerdispeses vith srctadss famprntacting thecwmegimen or
om AR o Rt et 57 T iS5l S Pl o e
cecHISE SonPgk e FEHREHPE B Rl IRas DT RE bt e
resePRifey Aol ciffoufth i 8T Sl Op° B Bk 8 CFIIE . the

Spedﬁﬁeﬁisﬁq‘fﬁlgn%ﬁlb(ep_er ein for passing the specinen, and
the electrode 1nsertion unit is fornmed at a | ateral

sur f1ac el syftemdhssordidd. tolBRirR! BEIWRBRIR thE BpaPiRfdti fing
according to claim18 or 19, wherein the pressure

menmtseriitaaianiatig (Reans' )i of Alaugindiral $etidth e, 6m)ao Mopebhl cross-

25. An el ectroporation apparatus for applying an
sectivinakanen € Ap ah¥p intheatange of ¢/39uiosE30000a speci men

including cells to thereby el ectroporate cell

menkr ahbe systemnpoeding &0 gelaimat &4i af s15,nwderdin el hollow
spec(i:noqgr?-rslafflﬁ?lgg:member is a capillary or a tubing .

17. The systeni according to claim 14 or 15, wherein more than two

electroporation apparatuses are arranged in parallel.

18. 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 long hollow specimen-stuffing member of non-conductive material; a
reservoir connected to a distal end of the specimen-stuffing member for fluid
communication; and a pressure maintaining means connected to the other distal
end of the specimen-stuffing member for fluid communication.

19. The electroporation apparatus according to claim 18, wherein the
specimen-stuffing member has a ratio (R, cm™) of a longitudinal length (L, cm)

to horizontal cross-sectional area (A, sz) in the range of 1/50 to 1/10,000.



a long hol |l ow speci nen-stuffing nenber of
non-conductive material; a pressure naintaini ng neans
weoesetsetd to a distal end of the speci nen-st uPET/R§2005/001792
menber for fluid communication; a reservoir connected
to the other distal end of the specinen-stuffing
menber for fluid communication and di sposed with the
el ectrode for contacting the specinen or an
el ectrolytic solution; and4a-reservoir hol der
including a fixing unit for fixing the pressure
mai nt ai ni ng neans, an el ectrode term nal for
el ectrically connecting the fixing unit and an
el e29.r Dl elestropomitiohoapperatos raiccaitding ¢omtent il Bt K wherein
el ectrode disposed at the reservoir.26. The
the leoltasw speimentuifagrmenthes ine eapitiary attubiigdma ghannel.
wherein the pressure maintaining neans is a pipette in |
whi ¢h the. sleatieppaionoHpagts SCePrsing & cwmpég toro}9,t Wherein
th E}@gtte bady.t.hereof and a nnva%jg el ect rode iaH )
© PRSP AP BENITARS (1 oFPTCE T da OYi & cosmnegton disepegd, with
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ratio (R, cm1l) of a longitudinal |ength

therdiarvitlo theedpecines- secti onal area (A, cnR) in the range
of 50 to 10,000. 29. An el ectroporation apparatus for

ap@3yi Heg afectlopotation pppaetsr acdoedingi to pldiae1t ovleerein the

speci men including cells to thereby el ectroporate cell
conngstisriariedisadar fortnisg & belsi tharaimifer padsing theospedvemer) aigd the

conprising: a long haoll ow speci nen-stuffing menber of
clectipde msRtin yibisRrmerat o latstpl supare obthe diser voi rs

corbneclthed to both .distal ends of fhe specinen-stuffing .

4. The electroporation apparatus according to claim 18 or 19, wherein

the pressure maintaining means is a pump, a syringe or a pipette.

25. 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 long hollow specimen-stuffing member of non-conductive material; a
pressure maintaining means connected to a distal end of the specimen-stuffing
member for fluid communication; a reservoir connected to the other distal end of
the specimen-stuffing member for fluid communication and disposed with the
electrode for contacting the specimen or an electrolytic solution; and a reservoir
holder including a fixing unit for fixing the pressure maintaining means, an

electrode terminal for electrically connecting the fixing unit and an electrode

terminal for electrically connecting the electrode disposed at the reservoir.



menber for fluid conmunication. 30. The
el ectroporati on apparatus according to claim 29,
wob@sedre14 he speci nen-stuffing nenber has a r aPCDKRR)05/001792

cm1l) of a longitudinal length (L, cn) to horizontal

cross-sectional area (A, cnR) in the range of 1/50 to

1/10,000. 31. The el ectroporati on apparatus accordi ng

to claim28 or 29, wherein the holl ow

speci men-stuffing nmenber +45a capillary or a tubing.

32. An el ectroporation apparatus for applying an

el ectric pulse or electric pulses to a specinen

including cells to thereby electroporate cel

merdfr-ahbe deeiripviraisen fappaiagrs aecading $o iclsim (A5 whedes the

conpri sing;a |ong holl ow speci nen-stuffing nenber of
Presgige- mandyams aepag ra Ripetta iy whiek p copduetizg eorftagtie disposed

at Pafioof R SPIRRE e (BRFORA s BORHAE: Scirade dé Hnserted for
oS00 o SRR BRI L L e
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{ne?F amn CIcPAEpEOROR! kAR GECY R 1o A1 03 orCi B whibein
the IR 8bSSNRECALHNOMEMbR} & &rb%r%uafy 3a tlYﬂ]ﬁ%ei n the

hol | ow speci men-stuffing nmenber 1S conpriséd of a

m a8 "_E}ﬁlﬁamtroFS@tioiﬂ‘@p%h&ﬁﬁ REEGIdAid € cRRRAD8IJ#26, wherein
according to claim32 or 33, wherein nore than two

the gieeimehstofinghaetmbet has apation@®y-ahlf bf adongithéinal drgth (L,
connected to a pair of wells for fluid communication.
cm) 36 hofimentel exsss-spetictl ereadppana) us thrrmgdiaf§Otio ,600n
35, wherein each channel |ength of the channels is
di f3% rAamelectroporation 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 long hollow specimen-stuffing member of non-conductive material; and
a pair of reservoirs connected to both distal ends of the specimen-stuffing
member for fluid communication.

30. The electroporation apparatus according to claim 29, 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 1/50 to 1/10,000.

31. The electroporation apparatus according to claim 28 or 29, wherein
the hollow specimen-stuffing member is a capillary or a tubing.

32. 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:



37. The el ectroporation apparatus according to claim
35, wherein each width of the channels is different.

W@ 006/0bs1£1 ect ropor ati on appar at us accor di ng tBCOKRR05/001792
35 further conprising an upper substrate and a | ower
substrate, wherein the upper substrate is forned with
a hole in which a well is forned, and the upper
substrate or the | ower substrate is forned with the
channel s which are depressed.- 39. An el ectroporation
nmet hod for applying an electric pulse or electric
pul ses to a specinmen including cells to el ectroporate
cell nmenbranes and infuse foreign materials into the
cel & donghellewrspacinnystafifing olendver sfaminreonduictif & ingerial; and
nmenmber of non-conductive material is filled with the

a pgipedi wels farmedh an thet samp ibsirate as| thet oif cthp ihalkesv apecimen-

pplied to both distal ends so _that a current can flow
Smf?lﬁgdaswb@ﬁ and o romiectedoto rafd distal snds fothei sgcimen-stuffing

cl ai .,Wherein the holl ow speci nenstuffing nenber
merﬂggr @rgﬁ?gf}c’?ﬁm’%‘ﬁ?‘tﬂn'of a longitudinal length (L, cm
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cond4.Nikei lactiepaeiifortfpparatus 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.

38. The electroporation apparatus according to claim 35 further
comprising an upper substrate and a lower substrate, wherein the upper substrate
is formed with a hole in which a well is formed, and the upper substrate or the
lower substrate is formed with the channels which are depressed.

39. An electroporation method for applying an electric pulse or electric
pulses to a specimen including cells to electroporate cell membranes and infuse
foreign materials into the cells, wherein a long and hollow specimen-stuffing

member of non-conductive material is filled with the specimen and an electric
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pulse or electric pulses are applied 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, cm™) of a longitudinal length (L, cm) to
horizontal cross-sectional area (A, cm?) in the range of 1/50 to 1/10,000.

41. The method according to claim 39 or 40, wherein the hollow
specimen-stuffing meniber 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.



