ELECTROFUSI ON M CRCELECTRCDE AND METHODS OF USING I T
TO MANI PULATE CELLS AND/ OR CELLULAR COVPONENTS [ 0001]

wabeog/ozgapd i cation clains the benefit of U S. PetENE2006/044394
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Application Serial No. 11/3 15,475, filed Decenber 22,
2005, which is hereby |ncorpoﬂated by reference in |ts
entirety. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates to an el ectrofusion m croel ectrode
and nmethods of using it to nmanipul ate cells and/or
ceIIuIar conponents BACKGROUND OF THE INVENTION
| nv%ﬁ IWMI@%R(EM%% %P %]}’w’rﬁf) ING IT TO
cells. nany |nstanc[‘S | dﬁﬁﬁ.ﬁ%ﬁékggw fs
cells prlor to applying a dlrect el ectri cal current.

Adogrent ofhizebpScaiiBi cREnedkbeRSItRM. m&h |A>p R¥ation Serial
aspl rati on or vacuum suction. Ali nrrent of IpS may

aNQo1 21 ptts: diledeaedsmbappl.2i0As, "ahiclalStI@trﬁr’m»tlacce‘p@tawdlbwabference
CH{ qgﬁungmever when al i gnnment is perfornmed by
y| ng alternate current, cell survival is
dr astically reduced. Therefore, it would be desirable
to have a tool that has a dual capacity to manually
align cells and deljiver a direct electrical current.

[0004] Cell fusion ~5¥%EQMEHE1W@& 1N al i zed

reversi bl e perneabilization of the cell nenbrane,

Wuoo can bgné ﬁx@b’&ﬁ %\Qﬁtlﬁpﬁlaxésﬁg aﬁ e[é&r%ﬁlsﬁ)‘h RidtRERtr8de and
direct current” (DC) is well known

enethods o esingit &maslbukatmella plpi/mc@nlllulm cgmpomlts
di el ectrophoretic alternating current (AC) for cell
alignment prior to adm nistration of the DC pul se

greatly inprove®@AOKGROENY O¥Fel HE IDWVENTIONE
application of AC i s necessary for alignnent and

orij.entation the cells in relation to the nediuns
VI0Ol3k " and Elestr @E‘é@aﬁ&é clseitoposiond CFltkbmé(P]éf&f fRpigation of an
T8BctACal HRUBME the ddls AP RKNAMANER, R HRIE1IE S A defls grior to

the cell and at high voltage and/or extensive period
oappﬂ:?lng aidgreeh\edertnicad pameit bk\bgmmﬁntmef Icklld sy be carpieé outenanually

C construction,of th nmber i.sdesi
G SRR e VR e RS g
B@iﬂijdﬁg a@hltérhgte leRclfeal current. However, when ahgnment is performed by

applying alternate current, cell survival is drastically reduced. Therefore, it would be

desirable to have a tool that has a dual capacity to manually align cells and deliver a
direct electrical current.

[0004] . Cell fusion procedure involves localized reversible permeabilization of
the cell membrane, which can be induced by applying a pulse or pulses of direct
current (DC). It is well known when electrofusing cells, that application of the
dielectrophoretic alternating current (AC) for cell alignment prior to administration of
the DC pulse greatly improved the rate of cell fusion. The application of AC is
necessary for alignment and orientation of the cells in relation to the medium's
volume and the distance between the two electrodes. The AC, however, is also known
to be deleterious to the cell and at high voltage and/or extensive periods of time is

even responsible for cell 1ysis. Moreover, the typical construction of the chamber is



vol une of nmedi um needed, specific | ow conductivity
sol utions are required whose anti oxi dant conponents

w@ann7arse harmthe cell or, in the specific caBeT/oB200éie14394
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oocyte, even induce cell activation. An alternative to

the existing chanber approach2-to avoid the use of

anti oxi dants and the AC at once, is to execute the

| ddignied smthatslakg@hmgmmbelm% Ifysed R€l6kic Ging SB&hLRDS the large
m crosc In summary, for conventiona

eYdumes u@ﬁw w@%%wﬁﬁ @Vﬂp@éﬁ%\ﬁtya@agw@a aregequired whose

S
TR RO DrGE A REIFRL oHBbr i thsapejtia gpee of the cocyte
pdmesimdxmg cdhhctazaﬂomaﬁm albpadtive cethe existiby lchzimberlapﬁ)rodchlﬁ to avoid

the e inter Iect ode di stance, the pass
3 QB OSHoR A AL Do Ha A e ata g oot BUASSERErH slignment

q%bﬁua@luy%a&ﬁﬁsseéﬂﬂﬁg Jnica%lcg ual cell alignnment is

t1 me-consum ng; e electric chanber can be a

s[ﬂ@ﬂﬁ]e of patshugemy,cfoc cntvantiorat eloctrafusion meittesls, the disadvantages
£1 titive us %OOO The re 2ent gveglté(% on.is .

S&Hmi‘a&ZS R R HO-ReProR¥te fwiogit i

t JSIﬁ/l@\Isly notGIY ofchl abidfeah NMBAYT l:éﬂ\{llﬁgi‘ﬁ%;]lt) @06 tABL Bbe Rier-

the present invention relates to an el’ectrofusion

n¢lestendie distanseleherpersagsfofaA € mb‘em@mm@m& th¢rm@t dfpn%g@lwﬁil

e T

PR SE RSy Pl SR o BaleRfis B QPhogping and i) the

seledteic ehatnlilﬁi caxben ssurcOO pathilehiy chnitamiddtidnfdue $d its repetitive use.
proximal end of the tube to the second distal end, of

t WA0blupe. [ DrsompsenhBvRRitonds duestedio QueEcoppipg diese and other
| DMRIMNCRE ] Bkattes to an el ectrofusion microelectrode
unit containing an el ectrofusion mcroel ectrode as
descri bed above and a hol ding tool capabl e of
receiving the ele at the
second di st al dgggﬁvﬁéh?EHP%E?%ﬁ%g?&k&gﬁither aspect
of the present |nvent|on relates to a system

C[00Z] ni ng Ox®asPectoditiee p}le%t InEhtEdn0me] amdsab ag leRetrb Rgion
units _as descri bed abgve, [0010] Yet _ another aspect

f
tmeTplesdione mads ehe fehs hewingrdEstrsosmab enbandos second flista?end-
M R ALd 2[?1%:1&%11&1? X%Hé\?uﬁlgg gl)étﬂfg% HURINE YiFace HitSxtends

met hod I nvol ves co
continually from the first proximal end of the tube to the second distal end of the tube.

[0008] Another aspect of the present invention relates to an electrofusion
microelectrode unit containing an electrofusion microelectrode as described above
and a holding tool capable of receiving the electrofusion microelectrode at the second
distal end of the tube.

[0009] A further aspect of the present invention relates to a system containing
two or more electrofusion microelectrode units as described above.

[0010] Yet another aspect of the present invention relates to a method of
manipulating cells and/or cellular components. This method involves contacting a
cell and/or cellular component with the first proximal end of the tube of the
electrofusion microelectrode as described above. Such contacting is carried out

under conditions effective to manipulate the cell and/or cellular component.



cell and/or cellular conponent with the first proximal
end of the tube of the el ectrofusion mcroel ectrode as

waleacnidasd above. Such contacting is carried oRPCT/URING6/044394
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conditions effective to mani pulate the cell and/or
cel l ul ar conponent.[0011] Sti-Bl- anot her aspect of the
present invention relates to a nethod of mani pul ati ng

CRolLs] and/ ogtilf ghdikdrakp<ee 5PMe PRdsent idvensioedlftesio viethee f
contacting a cell dpor cel l'ul ar _conponent with two

oma%m@t@g edlisrapflios p@hﬂzm componeris.r Sis sneioddarelypyrogtacting a
ape‘?lvﬁld Cp@%ﬁlglﬁ%t éotrﬁﬁ)é)%]el h SJ{th Wéﬁhof&%‘l&gj ﬁ%loﬁqﬁﬁp&?&&ohg‘s as

carrie roxi ma
nilesexieddeaborea d@oﬁthldlmgwwrandm deﬂulm:@‘oﬁactﬁs varitdout at the first
he cel |l and/ cel | [0012]

mani pul_at onpo
gmé o 9% $ash mliosk%?&ﬁua%gn%l coRtionNsS %ﬁtl’t’fﬁ@ Tpapulate the
C@a‘?lazﬁid?éfckl‘?ul 0{‘% @lign cells and deliver direct

current to ce 13] Manmal i an nucl ear transfer is
didilzhat ed t Bhfapmsmt Inventidreprovides @ tdod hayiag thecluhbeapycity to

wh in t Th f , th
oyl iep fetfrand deHER gt Rt et vi qual ol |
ajoogsrent WoldhhAen 'nqa@llr trab3fer &ts&dwcate‘d@@ b \ndH fi‘l'tunber of cells,

m cr oel ectrodes under m cromani pu ation control
pedrtipulaghy Wb@n maﬂlng withehugreasy qaspitesr Theretrg. dlre @fallabihtyt@i g tool

se ause of t e I
confﬁgv% adEypass s H&b (%@gﬁhgpﬁﬁaéﬂ?%gﬁg and
t m@craéieckﬁdd@i] uﬁﬂeramefmﬂxa{m@mwﬁ codfrolyBeind tpinpbigtiagitesiesifed
of .alternating current together with the small vol une

r Yeentation. ot dhq Glldo bruserand hrrsee @?th%\dlrr%fa elegodareell gamtact, can
|k tﬂ@% o%mﬁﬁng Qﬂﬁfrg%n@”ﬂ{éqada fion gf'ﬁL&Hﬁf ambidf of medium.

ect cell contact~wou even re uce e anmount o
dTh@QﬂnlSSllQn 1o alterh@ingsuasnt togstherwil thetsorad amiunge mlqaimh allows

t he a e .to the cell naII , the.li
e b s G i e Pon t cqyeppll o Furtner,the
t Bigéce Byl 4Bt RLIdNG eh R&1LeH BRCRSoRE o £ARIABIRR kPFe administered,
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] Figures |A-B

a@@f?ﬂsﬁlﬁ Ohmswf grermalodamagede thercel hipalilyrdhn imied eqsgof this
%xg&é 10 Qg { ﬁ%ﬁé?&%ﬁee{ grge?ebgjde 1m$atﬁ{g§ﬁ§ aganc%vc%':&éh%%énaﬁon.

uston ures
made of a tube having a first proximal end and second
di stal end, wi.th an el ectrical Iachonduct ive C Satl ng on

the exterior BRHEHOEJGRIPTION OF THE DRAWING
[0014] Figures 1A-B are plan views of two different embodiments of the
electrofusion microelectrode of the present invention. The electrofusion
microelectrodes of Figures 1A-B are made of a tube having a first proximal end and
second distal end, with an electrically conductive coating on the exterior surface of
the tube that extends continually from the first proximal end of the tube to the second
distal end of the tube. In Figure 1A, the microelectrode tube has a holding pipette
configuration where the first proximal end is straight. In Figure 1B, the
microelectrode tube has a holding pipette configuration where the first proximal end
is bent. Figure 1Cis a cross-sectional view of the electrofusion microelectrode of
Figure 1A, illustrating how the electrically conductive coating can extend

circumferentially around the microelectrode tube.



10

15

20

25

30

the tube that extends continually fromthe first
proxi mal end of the tube to the second distal end of

wo b@7tdae? In Figure |A the m croel ectrode tUuPET/NaR0&044394

hol di ng pi pette configuration where the first proxinal
end is straight. In Figure IBA-the microel ectrode tube
has a hol di'ng pi pette configuration where the first

piooxsImal  enbigigs DAAD ardpagspeetilés/ieds shaviag sas@stenodiments of
vt}ﬂeggof the el ectrofuysion mcroel ectrode of Figure |A,
i 1f

¥ rsiimgl soefithreel eqtedisionamorgelegindg duhens eorreseRy
TR e B0 S e P e MR8 BRI R
vadiapes. EnBigdierAB)itlse fifst prloginfidlrent of thexmikedelcetrodenttbé teestraight

el ectrofusion m croel ectrode tub f the esent )
ISP UG e SA ORGP oF BecRTRIECBHF 'he fihent and
rzeéfehoﬁ P%ﬁ.&é)ﬂ?, theBgst pllsox%hglaénfamf N PREEtrob 8 tlbl %115&% and

the first proximal end of the mcroel ectrode tube
issaketly ai ght and sealed. In Figure 2C, the first

imal e of .the m.croel ectrode,tube |s.bent and .
PRBES™T, E sl 05 el PR ohf Shpiiea e BF HerEision
N fE Qe ROHE Q8 of thePrdsentiaiéntidnd THhe 3leeflofukiBl AftroEicBé® unit
3A is a plan view of one enbodi nent of the

efoataipo A e@relfien Birededtivde ofifietpresent ingensioaswhich is positioned
R4ARIAER ool (Rs SHAGL TR AL AR s QRS B Ao lidn
phgsesiéctiode anthe e¢conidiscdh ehd opthsinbicekRdirode @béoFidueBB is an

tool .. As.shown, the holding tool receiyes the _.
e‘TXé’i‘tqf’éf"_tF‘é‘f Shihaeleriubeer PYgreclered e icilppEiesh Bitgure Ad-
Ofpoifje M CrEighRC i§ Pl HEG of EhObhBo@Reh oy gé&}&ﬁﬁgn

view of the el ectrofusi on m croel ectrode uni
i thicnerl ecitod d uiih ofthg preseBAnvention hhvihg guekecttofusion npkmelectrode of

view of one enbodi.nent,.of .t el ectrof usi on ..

e Pt s i S 1 p doFnCloRE ARG et ot
edopatdted tosdntledtiicll pOWEEOUARGs Atachb®tohe sRBirofusi¥e Rfiti@Blectrode
positioned in a_holding tool. An electrode clip

c?ééli*eaﬁ?%gﬁ%%mf@étl‘é‘ﬂw?@o ]}:Pgel ectrical power source is
abbfﬁ ed t oFi%E'x% %ﬁlﬁ&}a&& dﬁ%'e%og]rﬁfnggggxl%tsgggiﬁlrogﬁ}g&gsent

ectri call'y~“conductive coatl ng.
iihVerstonatls system dabivdi electtofadion écreglsttemde mhits bethe present

present invention. The system has.two el ectrofusian.
Hhtsioieh bbb ReogRrl Brap R ppepios, i catteledirokion
microelectrode being further equipped with an electrode clip operably connected to an

electrical power source.

DETAILED DESCRIPTION OF THE INVENTION

[0019] One aspect of the present invention relates to an electrofusion
microelectrode made of a tube having a first proximal end and a second distal end.
The tube has an electrically conductive coating on its exterior surface that extends
continually from the first proximal end of the tube to the second distal end of the tube.
[0020] Figures 1A-B show two different embodiments of the electrofusion
microelectrode of the present invention. As illustrated, electrofusion microelectrode

10 1s made of microelectrode tube 12 having proximal end 14 (the electrode tip) and



i nvention operably connected to vacuuns or aspirators,
with each el ectrofusion mcroel ectrode being further

weowippsa with an el ectrode clip operably connkCT/@82006044394
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an el ectrical power source. DETAILED DESCRI PTI ON OF
THE | NVENTI ON [ 0019] One aspeét- of the present
i nvention relates to an el ectrofusion m croel ectrode

ndistel @fd 1. tRIberibalyi dopdactiviercdhtiny Mol emﬁoﬂﬂﬁlfaae of tube 12
second di stal: end. The tube has an el ectri

ePRtEaly orfgpr@ﬁlm%l sng ki of tube lglﬁewéehqtﬁ@pd 16. Inthe
RRERCRR R ! LOTRERL BT IEb ot

Fcogﬁgemtmﬁ\mmesdmmm enii 14 mrsemighe nhiaté embsdimehit shoen in Figure
2b§ctro sion giﬁec rode of the present |nvent|on

TRCTRSIe P aeIivg | 450+ b oldingPrpstic oah gemHemuhers praximal end 14
maggptof m cr oel ectrode tube 12 having proximal end 14
(the electrode tip) anddistal end 16. Electrically
cloflict i ve Tutmt iy el@trofusidnemisxdebecirode $Qinfagde anf holldye casing

12. ext ends conti nua rom.pr oxi 14_of be_ 12

BB g Bt borhalio s st e RS of fybe T2 ey be

Fingiede th Apréfe&bPehB6diinRee nibeh id dylliRBica. Tefl i@ preferably,
ette configuration whére proxinael end 14 is

Pl
stbal hes 2 holdngwirsttssapfignetiamown in Figure

| R 0c! oFhd ARl b RANAT (ol A0S BLREN £ as iscussed

gurati1 on proxi

Tulpeeats? defaﬂedewv rthé dﬁmmar ahd Ieng{haﬁttﬁwﬁz W1 vary ab®rdify to the

hol | ow @@? h various geonetric conformations.
TR Ot § S& Ve lu%@lmqeg shing s &ypeptmapinatigadpeyhich

I [ t [ I

E‘*S%%Oﬁ%ﬂﬁ%?%?e Ry O s 2Ok e 12860 3Bi 80

cruﬁﬁlingtﬂ:rsailnilmgth [aﬁdl@i a Zﬁatmethr@ﬁebcmt Ochntd 1. emgffimetdrs.t ube

d t
JOVER oot oD REstatEinkteshOas F RaRBE madk of e Ehbsyiaf materials
Viﬁéhddﬁhgc&[t‘i‘ioﬂ Em‘it@d td) @15y, RashE, TORL) Serdrfio diorGRdthiu 1A%

ents) and the t pe of mani pulatlon for which

GEETIER PSP AR, sl Lo Tredae! £054. SEmUoreTygiriahly, fibe 12 i
nggcf‘ea Bo%o%ﬁ&% gl@gsbéa #ﬁ%r gb%: C}H{’l‘é@ Gh& qu eci er Sﬁd[h%g%éﬁeﬁe
Taoné&gddtiof. m cr oel ectrode 10 may be rrade of any nunber
[OOPLHt erial ]glectrically conductive coating 18 is preferably applied in liquid form
by painting it onto the exterior surface of tube 12. In a preferred embodiment
illustrated in Figure 1C, electrically conductive coating 18 extends circumferentially
around microelectrode tube 12. Suitable electric conductors include, without
limitation, aluminum, copper, silver, gold, titanium, platinum, tungsten, and alloys
and mixtures thereof.

[0025] Proximal end 14 of microelectrode tube 12 may take on various
configurations. In one embodiment (Figures 2A-B), proximal end 14 of tube 12 is
straight. In an alternative embodiment (Figures 2C-D), proximal end 14 of tube 12 is
bent. When proximal end 14 of tube 12 is bent, the bend is preferably about 0 to 90
degrees from the tip of proximal end 14. Proximal end 14 of tube 12 may also be
either open (Figures 2A and 2C, opening 20) or sealed (Figufes 2B and 2D) at the tip.



i ncluding, but not limted to, glass, plastic, PVC
ceramc, and/or netal. In a preferred enbodi nent, tube

wa2oe7s¥ade of gl ass. Even nore preferably, tubPer/li22006044394
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made of a borosilicate glass capillary tube, pulled
and forged into a hol ding pipétte configuration.
[0024] Electrically conductive coating 18 is

pfooRelr abl y Apptheegipedt of iipiireschOiRreiionielattsitd 8n blect@stiion
t he exterlor surface of tube 12. In a preferred

eliseRisritede upit havingee ¢ %ﬁow@umcm@ec@p@mde@mheg above and a
Cﬁmﬂ%g%é{%a a%% {)f% ?ﬁﬁ)ﬁgee ? %518 i %ocgnétro%l ! ﬁé}%rsg&)%g distal

m cr o Iectr rreeon
| erel afdsg mwarddleattodeitube at i on, aI um num copper, silver,
num tungsten, and alloys and

| tit
?rﬁ%‘??ﬂr els ¥ hm"éug@@r?'oA aﬁmﬁst]es oSN hrdimenicpi 2a clgettofusion
e QG SOUE RHR O?Hpi J%nf[iﬁ%ﬁt?)ﬁ. ANERYGH! %&?ro%?ﬁ&ﬂ 1n1cr1)electrode
A-B), proxim

gurations hi one e I ment I gures
ewmdt @hasfel¢atiofusich micredlectiodh 0 pbsitiamedah theldimg iowk30, with

RS TER B s B Tl S B2 0.
b?ﬂ)dS]‘ S pr eﬁ@fdﬁ@ thoPRP1ta tBbd &)n%gm‘ﬁ Qé&%ﬁﬁnéé&ﬁgéﬂ%ﬁt 36, Ryhich

proxi mal end 14. Proximl end
awxﬁalmeoreﬁqelﬁélrthm@h V(Imlg‘dﬁ@@fesmramlcm@ectmderiiongrez&)fed)r
Sgg edg tggl %ﬁélgo II) %nd}l%fg 2 %tld %;}Q etxéltF%tné%x?ag%r @V@uch 1§ posmon

ebawtaesrafeuawm@ cﬂh@bﬁ@it 86lah @ eeitlsHalft 372 Wheaba lélectmc current passing
el ectrofusion m croel ectrode as descri bed above and a

hreHengettdns expaecet 8¢ deescwt treymereshefied: r of usi on
(fﬁﬁ@jel ect rﬁg&nﬂﬁ% E&ﬁf&'%%%w Iﬁﬁi"ﬁl s&%\ﬁ] ?,? ;ﬂ{ g{ﬂ%econstructed of the

croel ectrode tu I gure rates one
esdnmmweml anfl, mfeedtbéjz,tarc)émrstmctedmﬁa dedabletmagerdal ulmittis of

D BB hgbNEn s off IR e B SEhLFAPAR consmcte o

NMingfefigl B8t doesl BotlddnRe&  ddcBNe, sudh RO b YlREc hARdriaB OThé’\éIEcRncally
proxi mal end 14 of electrofusion mcroelectrode 10

pRra-eadpeigequepestiesel] disatidcal dshlagy 38[p@@@8!| clpgitid icwgent doim

Bgas% ﬁg %gg‘gg\ %e‘é &%f %#Iﬁ)%g%n% %%V\%%C lﬁ ect 1°of u]%1§ gﬁﬁgw biltes o

ninotredetdiztd eldetritfl effect ﬁl@tfﬁﬁdmgl'dd)éoﬁkbngaﬂlpﬂhm&ﬂpmbﬁmres

h E(ngé;dtr}p fgge%fcér detallat)e?ovx(fe ! %ﬁé 1rn|s1(1:12t|1ng_)l I?r%gcler?iteg cr>f éiectnx\g insulator 38
also permits suction of cells into holding tool 30 with minimized cell death.
[0030] Figure 3B is an éxploded view of electrofusion microelectrode unit 62
of Figure 3A, which shows the assembly of holding tool 30. As illustrated, the three
main components of holding tool 30 (receiving component 36, electrical insulator 38,
and main shaft 32) are connected by means of threaded connector 42 on electrical
insulator 38 and threaded connector 44 on main shaft 32. Threaded connector 42 can
be fastened into opening 48, which has threaded walls matching the threads of
threaded connector 42. Likewise, threaded connector 44 can be fastened into opening

50, which has threaded walls matching the threads of threaded connector 44. This

particular assembly prevents the electrically conductive material of receiving



bet ween recei ving conponent 36 and mai n shaft 32,
whereby el ectric current passing through receiving

wa@eoporsase 36 does not reach main shaft 32. [ OBCEPS2006/044394
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Recei vi ng conponent 36 and main shaft 32 may be
constructed of the sane materi’7al and, preferably, are
constructed of a durable material that is electrically

conpiienty®6 6 dohitn®inieelebtaios cotlabiowith thaleldchsdallgicondudBve
is constructed of a material that does not conduct

ematerial of myin sk B2.as a plastic material. The
i Lsultlgl cal | sglgg v%nt Chd 3 ¥%‘d@5 00& dida% 1118f16%|f%f{bt r1'2‘:‘t"c'>1lprevent

tor 3 el ectric current Trom pass
t tarveargéd mevenedt of tubefRoriesntit i3 Gokifibmednia |hnl<hﬂi1§fobl 3(2 and to further
Thi s, design cr es a nore localized el ectrical effe
i W%@?ﬁﬁ@flﬁ%wz B @ B chegricplAuserbis applidda slestically conductive
diseig3gd in greater detail below The insulating
properties of electrical insulator 38 also permts
s[f982bn of Medrbelectmide 1ok gosiortteddh halding tool 30 by xhd:n@tube 12

.l .d 0030 3B.
Rt ePaT el Lh TP criisr S oF pieim Shenl B doperdaied
WeHhBéisReNEniérB8leabs RN ¥ poditilddiingholi P ntSfceRtng compolnent 36

i[lustrated, the three nain conponents of holding t
ﬁ)r(receeeémgwm@pqmmﬁﬁn@mﬂamdm@n esnrifreglectrodeulOat or 38,

in sh ns_of t eade
CLHhéngttor 4 ’Q%% nrtloccl:gg'ﬂ gésuf1C %}(dlggﬁ’ eam%tﬁjla ggdﬁ!mt
cprorandlend 44 oﬁmbmalzns shaf (Fightes A s andaieotigiond 2
can be fastened into qgpening 48, which has threaded

wiigreeleitods uag @ﬁ%OR%@té&agm@Fte@m B AABYLYrAsRENEY. Drsferably,

L I
ok of RO SRRNEFLORe A SERLORIARUENTS 1k

t mdea@smgctlmlmf@adtedum @n agmtatm tdmlcrwde@rqdartube:m lalpreferably

reve sthe Iec i.C ondyctive mate
R by RS RS hetr ool el A GERRC S BBt Rrelgse 46 i
CpoKitasied M folint Sheft 8L eFhbidR o] IPRHLE titl MBwERVEEILR 0PThe interior
mai n, shaft 32. [0031] Insulating sleeve 40 is fitted

odfepicgpedeciiod %H’(’ﬁ’eﬂ@ 2pfl opeijes 20 t o pr event unwant ed
{T@g?&ggt a(r)I ?m% %%m | eﬁs bé)tale %Jsggt%? 1ﬂP gggé &i 'e?e%troﬁlsmn
einémbeflécctmlde clmt e hhs electagiel d]1§(56ta¢tadie€¢<b fnlﬁabﬂeytrode tube 12 at
CRAtell Ve coth LR 1% [ O03E] M Grocl cclr e 10,18,
microelectrode tube 12 by clamping onto microelectrode tube 12 near orifice 34.
Electrode clip 56 is connected to an electrical power source via electrical connectors
58. According to this embodiment, current passes from the power source to tube 12
through electrode clip 56.
[0035] In a preferred embodiment, the electrofusion microelectrode unit of the
present invention is mounted onto a micromanipulator. Preferably, the
micromanipulator is used under inverted microscopy. Suitable micromanipulators
include, but are not limited to, the MM188 and MM109 micromanipulators
manufactured by Narishigie Co., LTD (Tokyo, Japan).
[0036] More than one electrofusion microelectrode or microelectrode unit of

the present invention may be used together. Thus, another aspect of the present



(via distal end 16) into orifice 34 of receiving
conponent 36. In a preferred enbodi nent,

wor@roed4ect rode 10 is positioned far enough i NPOI/US2006/044394
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recei ving conponent 36 for receiving conponent 36 to
cl anp down on microel ectrode-8G. [0033] Referring
again to Figure 3A, according to one enbodi nent, first

pinxitival reid td 4 s@ferh BRtaihzhg tSvoQireort Elegtiofasior Miardeledfeddes of
and el ectrofusion mcroel ectrode unit 62 is operably

clBe pEseRdnY@tianyacuum or aspirator. Preferably, the

or r
O et et Bt AR RN EAIRRHIRTuER of the prosent
oihventicacoutairang sepeleatofusidomitrocloat®ietuniis éZ,teaHEOﬂei‘albl?
preferably achieved.b connectlon

¥ gife ég, As.
| FAnREstPGiRCIIm of genitstos /4. L AdEHER.GHeckglisiogguictoelectrodes 10
pﬁé '1ﬁ LIRAEEall JdnfiBl Wit Ql%& 0&201 £ 5B %ﬂl’ N gre Qfabgg cMABEEA to an

it draws a vacuum on the |nt rior rode
t elberiddl pawdr sypphi vig CQIﬁheC[Oﬁ'ﬂﬁﬂ] InAa:mefedied gmbodlarmt bithe system, a

[ A trate | ectraf usi on
TP e b Bt G P S et b bme i PRl nas Cap e dgye Bt
t éled?ﬂrd%l%%ﬁ B8 IREIEIs ChRfecled 18 theS Rbiveit&alihdl of 8 AHE&Idu¥@nt power
coati ng El ectrode clip 56 preferably attaches to

rﬁQWQS?eﬂné@t seend destrefusioripiceecientiodg unit pbtheipessert iaeentiodds
téjo%egt d- g)efgecgﬁd &Fccne d%%h %%%v iC l}gec ﬁnclc ed3|9 gll %8 C‘?Yei tglérfunal of

connec I‘I C urc

C@ﬂﬁ@ﬁbﬁﬁ&ﬁ@SwmA&mﬁkdlng to thls enbodi ment, current
passes fromthe power source to tube 12 throu h

l0888k ode clny qye@@on{tbeS@Ptrqﬂ?«iﬂanﬁlem@kp%@deemeﬁmﬁém‘wm of the
thessk fREAGIHShPR ugé&{o%éxﬁ 15&%11%&&/orq1fe11£1*aﬁccﬂﬁﬁ&%ﬂ{s Thus,

invention is nounted onto a m cronani pul at or
Rmetter adpept off thepresant mnthnufeﬂatosr toi asrnethedl:lof,mdmpulatmg cells

gt S RERRS; T T o eR otaring s Bl o ciar
n&(ﬁlﬁ}ﬂiﬁ@ﬂﬂ With a4 SlestrdTBOGA AGédEIBErdNe dXalid ?r@éeﬁt Bivbion. LddAtacting

Japan). [0036] Mbre than one el ectrofusion

( o k%@d&rtqeﬂ@ér rnpanepigeltiean pleeleofysipr mieroglsetrqsiecaf dlrg present
PP A OS o BR he

t somdiifonseffectdle s triaﬁipuhalttﬁfrhe et mia’bﬁcalllulmi esmpbnenhe

p[r08§§]m | nvﬁq:urt her aspect of the present invention relates to a method of
manipulating cells and/or cellular components. This method involves contacting a
cell and/or cellular component with two or more electrofusion microelectrodes of the
present invention. Contacting a cell and/or cellular component is carried out at the
first proximal end of each microelectrode tube under conditions effective to
manipulate the cell and/or cellular component.

[0040] Manipulation of cells pursuant to the methods of the present invention
may involve aligning, fusing, electroporating, electrofusing, and/or transplanting cells
and/or cellular components.

[0041] According to one embodiment of the methods of the present invention,

manipulation of cells and/or cellular components is carried out with an electrofusion

microelectrode of the present invention, where the first proximal end is open and
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[0037] Figure 5 illustrates one enbodi nent of the
system of the present invention containing two

we@b@crsaBusi on mcroel ectrode units 62, each Oper/akioge6/044394

connected to vacuum or aspirator 54. In addition,
el ectrofusion nicroel ectrodes9t0 are in el ectrical
contact with electrode clips 56, which are operably

owhasie theeeledtmfasioreh@ebdléctide POY\E K aGrBPbasyir@oCspRidly Edrfected
In.a preferred enbodi nent of the system a first

oo FitaBFGrpdsios e eretae e diof tsreube eAgsioedipgto this
V\ﬁf i@, l:(%t&f‘?@g gﬁ:et &4 a&ﬁ/ o cgﬂl N co?r#p%%%ntqg Farﬁ%d Bty applying

IS connec tot |ve erm na
dispietiorcarrsuetidn tpanecelbmrme;ehmar 601515133@1‘1@ el ectrof usi on
] el ectrode unit of the ILnventi on IS
g@ﬁ cted tOSRIraLaR SheHcHPR & ’&él xﬁmﬁleééo e S@Hd/OE cellular

t&d hﬁuﬁlﬁ% ﬂﬁgﬁéthé/@oif thE J&@lllt 1Hienﬁo? S Qfd 5§eq{}{

pomer source [0 I'n opera ectro i on
mnemedly edigniod eﬁllswmdt’qr ca]ﬂlldalsqcsmmnenﬂs Mmupireélgmmbnt of cells by

DO B en Ao Bt et du Sk A Risdfe e GfeRkte current for
PAIRSETRht, WHNEN R cdntly HnBfove? cdll SBVRAD SastiEi (Weﬁ{e'nﬂﬁl cell

cells and/or cellul ar conponents. This nethod invol ves
comYIxelnengitalaver celhmeniers tebd ededrin eashpoandpitlationg h an

r of usi 1 t he pres nt .ipvention.
QOBENLL ) g & Lo PERAeRlods HosRbGRE MoV REL ¥on mey
a’oeaisbd of cestyding odtchokdols oftBe pfestiten@naseNGendidB) i ion

arrl ed out at the first proxinmal end of _the
Eies g Rt e praER e e gnandh e gy direcs current via

rﬁﬁ@ eRE&tuSioh rﬂl’ﬁc&%{) Ftr The IsérH L@feng@rronent . [ 0039]

A further aspect e pre invention relates to a
n@f#tld of rﬁmlwltanspigltamjﬂlspajrlmtllkarlycaaiehablato the methods of the

cQo ent s nmet hod |nvoI Ves co ctin acell, .
AT R AT AT BaReIAREHS B Sbp s € elECirofusion
ahRedd gt mmmﬁgy@@hﬁ@ﬂth@?@gerﬁﬁnxtehﬁoﬁﬁf&%ﬁﬂwng a nucleus from a
i nvention. Contacting a ce and/ or cellul ar conponent

i firstegaytenddransplantingdhe W@@uspn@ﬂhmﬁméf?mfspwaf a second,
lfp@ag\'hgﬁ%lg Chi® %@edt &{aﬁt (rar? gg%rgqlr%}%g grrrp ?ank nu[cgee)lﬁr Bf the first

Mmrmwhﬂt th@ wywblasel dfshqosmsmrh«sﬁcyt@ Tlﬁelsrmhﬂaoﬂﬁby)dielivhﬁng a
é{ esent | nvetﬁ]lt orl rraé%éfil nvol ve aligning, fusing,

TEEEt T PEE L R gucleysefod CHTRESAly,  and/ or transpl anti ng
C[@bfhﬁ As discussed above, the length and diameter of the electrofusion
microelectrode may vary according to the type of cells and type of manipulation for
which the microelectrode is used. For example, when used for nuclear transplantation
of mammalian cells, a tube diameter in the range of from about 15 um to about 25 pm
is preferred. When used for mammalian cell fusion, a tube diameter in the range of
from about 60 um to about 100 pm is preferred. In one embodiment, the outer
diameter of the tube may be about 0.97 mm while the inner diameter of the tube may
be about 0.69 mm. In this embodiment, the tube is quite thin walled, having a
thickness of only about 0.28 mm.



and/ or cellul ar conponents. [0041] According to one
enbodi nent of the nethods of the present invention,

woreeu7t8432 i on of cells and/or cellul ar conmponePCBHUBR06/044394
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carried out with an el ectrofusion m croel ectrode of
the present invention, where-the first proximal end is
open andwhere the el ectrofusion m croel ectrode has a
vacuum or aspirator operagikaM®IEsted to the

m croel ectrode at the second distal end of the tube.
Apogsldi ng tphd f’(‘ilﬁwﬂ@@é@h{ﬁd@tare HOMRA kS NBsfhE efiBbliiments of the
and/or cellul ar conponent is carried out by applying
aBpsanhinventienr b gee hone meanstisteoé¢d todnlit s skl ul ar
conmponent. [0042] Aspiration or suction is typically
applied to cells and/or cellular conmponents pursuant

t Bxdriplenet (9ds@liclidifoPEREROMusionidroRceid8de t Ne pur pose

of nmanually aligning cells and/or cellular conponents.
Maowrl al | GAMBRPIaAS tub& 78R Yn $eHGH, QR Rhvi Qx‘lf)ﬁt‘f &Bmeter of
according to this 'nethod avoids the use of alternate

cUPT e afidan winegdicmeter ol b8 Immg (IYrinimomd Siyntifiny Bovmsll, Pa.), is

celd ,survival . asti.c i rovenent in.ce sur vi val
o DA 3l o O B RSB b P ot 1 L7
NBétideH) atpretimaldP46lo roccaniat Aaddaden of 101§ heekest éedad
nmoti on and aSEI ration or suction nmay be used in

c@rexymabensikt ToeBibgas e @sd pe pelished o8 ampicrofoga (Narighige Co.,

(f)ﬁgr , 7l I 0y: AL I .
aspi ?g%%%hj%%ngﬁcoﬁ&%%gﬁ gf (ﬁﬁéndl%%ﬁggoﬁbﬁjr *élgltaﬁéﬁ}r? %élr?f diameter
vof20t e, el ectrof usi on m croel ectrode of the present
i nvention. [0044] Nuclear transplantation is
particularly anenable to the nethods of the present
invention. Nuclear transplantation is carried out

Npdear Transpbmtafian fos | launatyae Mammaliap Oocytes
s%st em of the present invention by renmoving a nucl eus
f108%8la fi r sEewrnglvesigled GV atagp loaattehererefdevridyaumceiuning
the: periNi i e nd, previousl .
RRE GBS RGeS ast i then

tn‘eﬂfa@lﬁd Bﬁhﬂ?oﬁﬁﬁi;ﬁlﬁioﬁ glsihg ené bf ﬁqbf]@@ﬁlhé @bj\éhci hlet:ﬂg@fgsion
cytopl.asm of the second, oocyte. This _is achieve y .
i Firaslgs 1 ymedivm PPl Ey AEelstisB o Rl karyoplast i

CbaRMESY inkBRARk iAS tHl ﬁ}f@éﬁﬁ%@@%m &ib &ML cRata

di aneter "of the el ectrofusion mcroel ectrode "nay vary

aouotdicrogcyte. Hach pyafied obcytelsitberapabitionese betfween two electrofusion

rrnla“lnncir(pelllclecgljr‘rtoidgsnotf He present invention and exposed to a single or double 1.0 kV/cm,
50-99 ps direct current fusion pulse(s). Thirty to 60 minutes later, the oocytes are
examined for sign of fusion. The restored oocytes are then placed in culture and
assessed for maturation. Oocytes which have extruded a first polar body may be fixed
and stained with Giemsa for chromosome analysis. As controls, approximately one
third of oocytes are not subjected to any manipulation, but are merely cultured in the

same media and exposed to the same reagents.

Example 3 — Germinal Vesicle Transplantation

[0049] Germinal vesicle (GV) stage oocytes are retrieved by puncturing
follicles of unstimulated ovaries of B6D2F1 female mice. Metaphase II (MII) oocytes
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whi ch the mcroelectrode is used. For exanple, when
used for nuclear transplantation of mammalian cells, a

WO aiwe/oti4amet er in the range of from about 15 nPCT/US2006/044394

about 25 mmis preferred. Wien used for nmanmalian cell
fusion, a tube diameter in thd range of from about 60
mmto about 100 mmis preferred. In one enbodi nent,
tdrecdiected 16ilnmed fter GG fgectiobef PRISA@inallaed f&nfds. Maryoplasts
whi l.e the inner dianmeter of the tube nay be about 0.6

rfti? AR TERP ¥ deliiona &1 YreneyTes Uit aser iRorg artiject electiofigioned,
DBERARh S PERTAT 0Bl DR AL EARH Gy
i dncisatediby rendadg therihebdires vbererths aretaphaseapinidteis Mitated,

re n s intended to limt its scope. Exanple 1
Ho G P S o RERBRY PFE RO TP R ebiestRer Daasyn
' t A ; is e
ApERRaLS. (458 kAo beagkivy AN 8 BRCHGine
(sbeesrafsitierSeprentously cpudederdbinmatie. (GV)i & apnatied MiR) @ocyte.

rizoptal mcroelectrode puller.(m.cropuller) .
(e BB 8t b B O R R i R PEREp rB bF the pbject
rglRcBrofiRidnafRttd et tteslfrdldphiBdfis @ MrRReoreldblen X VIR, 50-99 s
end). The tube is cut and fine polished on a

rAlgFloTsiegkiusitamulte(sy dorabectrofusiyn. fidieynscytsathanyhomosigns of fusion

t.ai ' rdi e nd_an i nne
i) atnlied oW B AP HS iile £F 12T R e Al il
fooatudativmt Ooeytbbwhirhicatruddihy fies pbROB8Jy ey Bt fiakd Mebitghed with
(g%; sfa oocytes are retrieved by puncturing
FIFPPELe VREFidVEfed ovaries of B6D2F1 fenale
oesy] A karmeRhgh ihd fvédieh nhEPRYERsHibed in detail for the purpose of
m cromani pul ati on using one or nore of the subject
dllestnation, bisomdeistood dhat sudhdietail in selelyeldi that purppdes amhtaztitions

i hal.asi n, B. e.karyopl ast is subseqguently..
b B GEBERR B e Eq P PR pE gl S ictio the shrit and
Beeps ciuisd Wverntisl whikk & dofiBd by thedBH¥ kR JRakR. grafted
oocyte is then positioned between two el ectrofusion
m croel ectrodes of the present invention and exposed
to a single or double 1.0 kV/cm 50-99 ns direct
current fusion pulse(s). Thirty to 60 mnutes |ater,

t he oocytes are



exam ned for sign of fusion. The restored oocytes are
then placed in culture and assessed for maturation.
w@wyes3nhi ch have extruded a first pol ar bodRCTHS2006€044394
fixed and stained with G ensa for chronosone anal ysi s.
As controls, approximtely onBthird of oocytes are
not subjected to any mani pul ation, but are nerely
CWHATAdS ClhATMEDsane nmedi a and exposed to the sane
reagent's. Exanple 3-Germ nal Vesicle Transpl antation
[0049] Germ nal vesicle (GV) stage oocytes are
retrieved by pun ' (e Ll at ed
ovari es of 1>E/§6D2F}i‘&l;é géﬁgﬁfeug%lhéﬂg?ﬁ)% tC a%%é;ébéﬁér[% vl)
oocyt esar e xibk detiag athsthoonimabétdeandraGecony distal @, oherein the
P stimyl ated femal es. Karyopl.asts are then renoved
B AT LY PR R OB ImARBY B o Shthoe, said confing
e@&lduey dbntiatally £6:89hERESE fdSEnalieRd Bf IRIBE o the second distal end
su EI enented w'th cytochalsin B. M| oocytes are
fb¢ wdeed by renoving the "hub" area where the
net aphase spindle is | ocated, together with the first
pol ar body using one or nore of the subject
el ectrof usimn m ThOb&FIHQEESicrbel rdd LY QRIRS Y0 ERim 1, wherein
subsequent |y introduced into the perivitelline space
othe &ibehas a Holsking pipetss sondigueatient ed i mmature (GV) or a
mature (M 1) oocyte. Each of these nmani pul ated oocytes
is then positioned between two of the subject
el ectrof usiiin m Thodbanifigdeaesialede aechringdo Slaitgll ewherein
Q‘Ef gig%bl e.1.0 léé/)/cfcgnwgo-, 99 di rect current fusion
P LEt oyoxigal edefihoigissisaledhe oocytes that show
signs of fusion 30 to 60 mnutes |ater are then placed
in culture for 12 hours, to allow nucl ear maturation.
Qocyt es whi4h extharlecttafiesidn midrogiedtande boabydimgyo tleim 1, wherein
fixed and.stained . wth G ensa for chronosone anal ysis.
[%agﬁtpﬁxtnﬁ%ﬁ%ﬂq(}ﬁ eﬁuﬁ%anplegh has been described in
detail for the purpose of illustration, it is
understood that such detail is solely for that ) )
pur pose, ami varThg fleseolesion microglerdrodn apeirding o elppa é, wherein
' [ i eparting fromthe spirit
ztggbﬁgsggﬁdé&%‘ltdg’rfﬁ%%tﬁ?%g&ﬁngm ch is defined by the
follow ng clains. WHAT IS CLAIMED: 1. An el ectrofasion

m croel ectrpode rising. a tube having a first, . )
proxi mal erfd and @%‘%’&%gm&} @f%@eﬁmfle ding tq plaim 1, wherein
the tube is made of a material selected from the group consisting of glass, plastic,

PVC, ceramic, and metal.

7. The electrofusion microelectrode according to claim 6, wherein
the tube is made of glass.
8. The electrofusion microelectrode according to claim 1, wherein

the electrically conductive coating is selected from the group consisting of aluminum,

copper, silver, gold, titanium, platinum, tungsten, alloys, and mixtures thereof.



tube has an electrically conductive coating on its
exterior surface, said coating extending continually

wo e@miordago fi rst proxi mal end of the tube to thRCEHESNE044394
di stal end of the tube. 2. The el ectrofusion
m croel ectrode according to cldim 1, wherein the tube
has a hol ding pipette configuration. 3. The
el ectrof usi @n m Theedkeedifigicemiaoeecia deordingitoclhim 1, wherein
wherein the first. proximl end of the tube is seal ed.
4the PirSTIALY COMUTEY o FPaNNE Fplendrtirymdesaiea baraend the Bbsi m
1, wherein the first proximal end of the tube is open.
5. The el ectrofusion m croel ectrode according to claim
1, wherein the fAnsdecpofusiommhiceribeabds bsit tomgrising: bent .
6. The el ectrafusion mcroel ectrode accordjng to claim
1, wherein ¥heeeipfisipr rpgaelecfody apeprdingdp clean d epdd
fromthe gr hisdil : , [ 8
ceram c, an%l)lﬂi@nlgg1 %r@bgqabTheégferleg%? ?%ftﬁ‘gllﬂgﬁ&diﬁsmﬂﬁgcroelecmde at
nihe seend dlistdded af tertdbeag to cl ai m 6, wherein the tube
is made of glass. 8. The el ectrofusion m croel ectrode
according to claim1, wherein the electrically

conductive gpati MHe blgctihf64 BcrbEIeOddRQIna @80 ding to claim 10,
consi sti n% of al um num_ copper, silver, gold
1

t wherein the Tistt aroxime) end af g @he isipepyssid deatrofisien missoelectrode
t .el.ectrof usi on m croel ectrode according
t%%f:ﬁ%fhﬁw ﬁqlﬁrﬁﬁsﬁ 3in the electrically conductive

coati ng extengsuai srcispiraoesierably yorakeoidd tb thbenittobRctrddd at the
An el(f%%{ggf usi m croel ectrode unit conpri sing:

efeseR ?Wﬁ%ﬂ% fbe) wherppaRicHeR g on dhechizst xgmi%g% gnd.

a hol ding tool capable of receiving the el ectrofusion
m croel ectrode at the second distal end of the tube.
11. The el ebd.r of k¢ elactmfvsioeméadelecimdgninit aacwdngditoglatno 10
c%u%'grgcl% wherein the first proximal end of the tube
'S Ser?, R el ectrof usi on ni croel ectrode
an electrode clip operably connected to an electrical power source and
attachable to the tube at the electrically conductive coating, whereby current can pass

from the power source to the tube through the electrode clip.

13. The electrofusion microelectrode unit according to claim 10,
wherein the holding tool further comprises:
a tube comprising:
a receiving component, into which the second distal end of the
microelectrode tube is received;
a main shaft; and
an electrical insulator positioned between the receiving
component and the main shaft, whereby electrical current passing through the

receiving component does not reach the main shaft.

14. The electrofusion microelectrode unit according to claim 10

further comprising:



unit further conprising: a vacuum or aspirator

operably connected to the mcroel ectrode at the second
waoeleevars4send of the tube, whereby suction is drBEEUSIV06/044394

the first proximal end. 12. The el ectrofusion

m croel ectrode unit accordingl4e claim10 further

conprising: an electrode clip operably connected to an

el ectrical poneomasipulerpostiahéboitalirel thehbldmgttuble at
the electrically conductive coating, whereby current

can pass fromthe power source to the tube through the

el ectrode clip. A%thﬁeco%?i‘é r,of usi on m croel ectrode

unit according to alm erein the hol ding tool
further conpwi sEesoreldctibfisoamictsldirod@unieCaicyiding to claim 10.
conmponent, into which the second distal end of the

m croel ectrode tube is received; a main shaft; and an

el ectrical jgsul Qtlﬁéthwgﬁé%x?ﬁﬁaﬁggg%%gfl@g el RIoMipBents,

component and the maln trical

csaid ewthodassipniginghr ough t he recei vi ng conponent does

not reach the in shaft. 14. The el ectrofusjo .

m croel ectr Bﬁgﬁlﬁgta cg_@@gw a ﬁeél“'ir% CEF’_é’Pﬂ’?ni@’ I%Lﬂl? ﬁ&ﬁt proximal end
COMAE o te STb@FITHAGH Pitrédedtrideabidr@ng %o bRing PMddet conditions
the holding tool. 15. A systemconprising: two or nore
etftastive fusianipulatethe etlbead/erellular cempersnt.di ng to cl ai m

10. 16. A nmethod of manipulating cells and/or cellular
conmponents, said nmethod conprising: contacting a cell

and/ or cell ufar Thepenedacwriigtd elairhns! whireith@firsepbximal
of the tube of the el ectrofusion m croel ectrode

aedpidharbeds eres AdisaidFedrofedemrimisrasiscterdedenthe gopgrising a
NRRLRH GHa8pit f16r GiftdblREsHnE e &)t nREroSRERORER the second distal end

of the tube, said method further comprising:
applying suction to the cell and/or cellular component during said

contacting.

18.  The method according to claim 16, wherein said electrofusion
microelectrode further comprises an electrode clip operably connected to an electrical
power source and attachable to the tube at the electrically conductive coating, said
method further comprising:

applying an electrical current to the cell and/or cellular component

during said contacting.

19.  The method according to claim 16, wherein said contacting
comprises:; '
aligning, fusing, electroporating, electrofusing, and/or transplanting

cells and/or cellular components.

20. A method of manipulating cells and/or cellular components,

said method comprising:



17. The method according to claim16, wherein the

first proxinmal end of the tube is open, and said
web@awrsaBusi on nmi croel ectrode further conpri si POI/ES2006/044394

vacuum or aspirator operably connected to the

m croel ectrode at the second-t stal end of the tube,

said nethod further conprising: applying suction to

the cel |l andbftactifd ¢dllandee dEOSNdonthonbMoyisiaiweb or more

contacting. 18. The nethod according to claim16, . _

wheetenfisiemmicresleetrqdss aespehingriocelaia bcvhaee spidcppfapting is carried

RIS ARa B AL R GO P e e

t bl gidestoeilelat dommmestuct i ve coating, said nethod
further conprising: applying an electrical current to
the cell and/or cellular conponent during said
contacting. 19. The nethod according to claim 16,
wherein said contacting conprises: aligning, fusing,
el ectroporating, electrofusing, and/or transplanting
cells and/or cellular conmponents. 20. A nethod of
mani pul ating cells and/or cellular conponents, said
met hod conprising:contacting a cell and/or cellul ar
conmponent with two or nore el ectrotusion

m croel ectrodes according to claim1l, wherein said
contacting is carried out at the first proxi mal end of
t he tubes under conditions effective to manipul ate the
cell and/or cellular conponent.



