-1 - ELECTROFUSI ON M CROELECTRCDE AND METHODS OF
USING I T TO 5MANI PULATE CELLS ANDY OR CELLULAR
COVPONENTS [ 0001] This application clains the benefit

of U S. Patent Application Serial No. 11/315, 475,
filed Decenber 22, 2005, which is hereby incorporated
by reference in its entirety.-10 FI ELD OF THE

I NVENTI ON [ 0002] The present invention relates to an

el ectrofusion mcroel ectrode and nmethods of using it
to mani pul ate cells and/or cellular conponents.
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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
25  the cell membrane, which can be induced by applying a pulse or pulses of direct
current (DC). 1t 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
30 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 lysis. Moreover, the typical construction of the chamber is



5

- 2 - designed so that a |arge nunber of cells can be
fused at one tine. Because of the large vol une of
medi um needed, specific | ow conductivity solutions are
requi red whose anti oxi dant conponents can al so harm
the cell or, in the specific case of the oocyte, even
i nduce cell activation. An algernative to the existing
chanber approach, to avoid 5 the use of antioxidants

andesidied &nata 12?? Bumbet of B8 Risdd R ohEHin¥] BHéAlse 6L large

al  gnnment manu dy under dissecting m croscopy. .
[ ovdisine af wedivangedefl ipe Bnlpurrondushvite sadetions pregpered whose

; ; : s .
e RO Stant CGI%P%#C%%%\AE DEGAGH FABIRE ﬁtﬂg@%‘g{nﬁg Hask Bf tﬁg t@o?yge,

requi r enent a non-electroly ution t
obevenisduge ealtactivayion chwgliarativatedhe existingmhamber @pproach, to avoid
vighi Lity: .du 0, the rge inters L ect . :

o BBynt ool Cult 8 A0t} Blchotl B0 RERBARS ot digprent
damageliyiuhder dssedagmidroscepst. di stress; i ndi vi dual cel |

al | nt i time-copsumng: and iv) the el ectri

ch r can SI'B %m%i‘ngté'lfl‘lﬁ &1 E?Ihegegf éﬂ%"‘éloe g?ﬁ%%\oﬁf"’r#t (}cl%a‘qvantages
dUganlt shinfafifedeh iciruiiefint A YfoikecRoBEaBtution fank on

| noYiRR e pSIo R O D SN O (057 PG o

10 as pe&itode istahes, MePaffe dINWE Pllkdad Bldaéebierhfl ddinage with

15

20

25

30

el ectrofiision mcroelectrode made of a tube havin 65
fi P@@%ﬁ%ﬁmﬁ@ﬁw@é@%@aﬁa@w@wﬁ%?ra?nswgmgév the

hagie@Ac ShaRiblr dah Bk b So®ROGt ko) il Qdkdnibatih dub $o BCEHAILIOE use.
surface that extends 20 continually fromthe first

pr 0006kl  endhebresens invgpiion i dirertedde pvereomaing these wd @thsr
Fhﬁeﬁcﬁi’éﬁ@ies&%é)ﬁl.mm her aspect of the present

invention relates to an el ectrofusion
SUMMARY OF THE INVENTION

[0607] 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.
[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.

[06010] 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[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

25  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

30 isbent. Figure 1Cis a cross-sectional view of the electrofusion microelectrode of
Figure 14, illustrating how the electrically conductive coating can extend
circumferentially around the microelectrode tube.
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253B 1s an 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.
30 [0020] Figures 1A-B show two different embodiments of the electrofusion
microelectrode of the present invention. As illustrated, electrofusion microelectrode

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



expl oded view of the electrofiision mcroel ectrode
unit illustrated in Figure 3A. [0017]Figure 4 is a

pl an vi ew of one enbodi ment of the el ectrofusion 15

m croel ectrode unit of the present invention having an
el ectrofusion raicroel ectrode of the present invention
positioned in a holding tool-5An electrode clip
operably connected to an electrical power source is
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[0024] Electrically 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
cither open (Figures 2A and 2C, opening 20) or sealed (Figures 2B and 2D) at the tip.



[0021] "rube 12 of el ectrofusion mcroelectrode 10 may
be any hollow casing with vari ous geonetric
conformations. Thus, if desired, the walls of tube 12
may be angled. In a preferred enbodi nent, tube 12
Is cylindrical. Even nore preferably, 10 tube 12 has a
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also permits suction of cells into holding tool 30 with minimized cell death.

[0030] Figure 3B is an explodéd 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



- 6 - [0026] Anot her aspect of the present invention
relates to an electrofiision mcroel ectrode unit
havi ng an el ectrofusion m croel ectrode as descri bed
above and a hol ding tool capable of receiving the

el ectrofusion mcroel ectrode at the second distal end
of the mcroel ectrode tube. 57[0027] Figure 3A
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[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 MM 188 and MM109 micromanipulators
manufactured by Narishigie Co., LTD @okyo, Japan).

[0036] More than one electrofusion microelectrode or microelectrode unit of

the present invention may be used together. Thus, another aspect of the present
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i CRDBTBL ooty SEREHCA TORGHP A CORBUR Tiffoglectodes 10

I egrefiy elegricad BRRae With SRcitélicfdips 5& emohl afgopeeabhoranéctédiGio an

~to cla down on nm croel ectrode Referr.i
QP PTG apEP IR BRSO 1y 168 P TEr AT AL of e pifem. o
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Pr frst S8étroBiibnlicRklebiddiR vhit olf theQRRBBt (AveBtidES c&ﬁeateai to2aQirst

and el ectrofusion mcroelectnde unit 62 is qperab
cofifetode glin ¢f whigh isrormested4a fiepasiye tepmigtlef 3 6#9“ CPlﬁ@t power

V agdHdl 208 2 36d3hd élk&fofﬁs‘?oxpfﬁféfcﬁeﬁﬂc&o&qﬂﬂ% Eh‘éq)rés@nt invention is
m croel ectrode tube 12 at its distal 15 end

Cosraesiedin agpcoad gleetmasinclip S8 avhighds epnneciedp dheqspativerteainal of

tug)g %;cﬁémp%&;&g&gw achi eved by connection hose 46.
ustr at In Flagre 3A, connection hose 46 is

po [410313]0 ned ilnopmitienstha plectasfugion misirelenifode hit,30d srséqueof the

¢ iSSR0 iy L s B0 PR L GRS, Thus,
e nmwmermmctlotf thwstqsarttwennorﬁega@nseo dmethiod of metipelating @i
s S o e

c oannpmgeﬂtamhlﬁnedﬂmmmmon migodeéctpde bﬁhapieyenahivamiws Gtoutacting

b by d
1 R et AR T it i PP Rl e of Bl R
c oiimaﬁioﬁds dabricdrouehtaind ﬁnsqsrbmnmw\ard of thermieroel eatrad ecrote indart

conn I%%ﬁﬁqsfslﬂ cordh @F&@ ?@?ﬁ%‘ﬂ%ﬁn&%ﬂ gurrent

[0039] A further 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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25 through electrode clip 56. [0035]In a preferred
enbodi nent, the el ectrofusion roicroel ectrode unit of
the present invention is nounted onto a

m cromani pul ator. Preferably, the mcromani pulator is
used under inverted m croscopy. Suitable

m cromani pul ators include, bug.are not [imted to, the
M VI 188 and MMLO9 m cromani pul ators 30 nmanufactured by
Whé@ {13! efecEGﬁasmﬂer&eT&l&)ﬁ@e ha%aa%@\)urm B:Qagg‘@t%‘b@rafﬂ@%ﬂnnected

one el ectrofusion mcroel ectrode o oel ectrode

u mOtth@tnom&ecm@saé fite seeond distab andhefitheabe saebordingto s |
odﬁﬂ?xtt h:%flta&ﬁw%etﬁé ceﬁ &/'BF cé?ﬁlﬁ? gg}}l%onent%s canﬁé&vo%%fy Qﬁblymg

elates 1o a System cont al ni ng
el aspiratohuws sunhon to the cadl amdior oelbdarebmpbrenpr ese nt

of 00 Syt PRtep e sPaineitalyaR s EanaReR sl

el @ﬁi}foﬁémpuiﬁuaﬁﬂ t6 mahem@dd afdle ptﬂ$ehﬁm6éhtloﬁ f Iﬂxdpmepcmb b 5

connec .tov or i rator In additi

C PBETALY At LR cel g sad potenty MimiaAigisp ohgells by
C Ofak it orispifutibh Bécbidatiao Bt Bthd8 avollld BEuRIof altgadté Blnyent for
connected to an electrical power supply via connectors

sealignpent, which sigpifigandigproveriellspriye Ripshcdmproyemppidp cell

el s%?hb&ﬁa@ﬁm%ﬁm%r%@&!nﬁﬁéri 4R udéd fa féh thiiBpudiRAENT
invention is connected to a first electrode clip 58

wHiPB#3li s codnembingtionof micrqplpctrpdemotiquran pgpiratign ¢f suction may

di g Bfsbd Flah§RE cRANEMethIdSERE S e@RFinPerdiBh. oegwrally, itis
el ectrofl usion mcroel ectrode unit of the S esent

i refietablerto alsmﬂﬁm&@mr@oa os gechiod aed &en # igeict gt via
Whth& BlebtPotf @O ERtR b chSicld? egﬁg% ﬁ%g kgfm nal of a
Cc 0 ﬁﬁ

direct current power sour n operation, the
el [9044]of usi duclear trmspddndation dstpartichdrty, anmablssosh@mﬁﬂmds ¢fghe

e g?&ﬁémbﬁé‘é{l‘tl%’&ea? %Qnsjgﬁp&fi&?rh e &Eétioﬁls on .

conpon ano er asp
t Imcme@&oﬂe umit engyistem oféhepresnt mvamnn bh ozhoying a nucleus from a

raerEerie f vaE BRI RiriS it hE e FRRRERR gf 4icdna
CQﬁﬂmmﬂﬁemmkﬁ&ﬁmqﬁ%%ﬁﬁh&u&W@Nﬂ&ﬂhmmhgmmkﬂdﬁd@kdﬂﬁwﬁmt
present .ipnventi nt act i ce ular
P panenit s ot pedieRer Thi sOiebie i hae
Pr&&eidurrent to the nucleus and cytoplasm.

[0045] 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 pm to about 25 pm
is preferred. When used for mammalian cell fusion, a tube diameter in the range of
from about 60 pm to about 100 pum 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.
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invention is carried out at the first proximl end of
the m croel ectrode tube under 20 conditions effective
to mani pul ate the cell and/or cellular conponent.

[ 0039] A further aspect of the present invention
relates to a nmethod of manipul ating cells and/or

cel lul ar conponents. This netfpad i nvol ves contacting a
cell and/or cellular conponent with two or nore

el ectrofusion mcroel ectr ?@M he present
invention. Contacting a cg_ I alralfd]/agr_ cel I ul ar conponent
gﬁ)%}r i ed fSlowitiEexamplds b priVided tHTi‘lk s eBboBRAERs of the

i's

m croel ectrode tube under conditions effective to
mapriesant myventiondutase by anuieans istendedite imiaisgenpent

[ 0040] Mani pul ati on of cells pursuant to the nethods of
the present invention may involve aligning, fusing,

el Egampledr-aComstructibe of Eloétuefusign Micchebetrbdanspl ant i ng
cells and/or cellular conmponents. 30 [0041] Accordi ng

t o[004E enbodi papiilarpfube,I¥8 ne tinedgthodndthiaeing pe swert diameter of

in tion,. mani pul ation cel and/ celd ubar .
colig e FOmd iafich Bt 060, ormAieadspEfine pifman. Pa. i
m pulizé log athofigntad initrbeleqirods puller iinicestnllad (Canyelee Itch £TD.,
fi@ groxi mal elg,% IS @fen nf? : 9 .- \L/]\lgere t he

ol Lendob} arereimapy 9¢s Ll iim aE% losetion o 10:]dmme frompe £ad or
OP@héNnil a)) NERitatst it outtah@ fifié SoldBEdE 4 @ittofoige (Narishipe Tod
di stal end of the tu,beaipé::cordi_ag[? to _this enbodi macﬂt,
cohtRcTokyg, tanan) dphtam adingloutex dianietqr of B0y, g 0 frger diameter
cagfg'oelgn'out by applying aspiration or suction to the
cell and/or cellular conponent. 5[0042] Aspiration or
sucti on is typically applied to cells and/or cellular
iccr)]n'ponent s—rﬁcrlgags‘rl[t to tgéaq?fnfﬁt hod Ofrytl\gglpg{qfi%ggggfp%
Y088k on GiewmEBl TR S8t AP e EPE Het BB TinE

by i on _

aVv Rl estof @ndiRuilNéd Mty STHEDTU ERAE nficd Adkd s then

whi ch significantly inproves cell survival. astic

i npsEsYereyiqremanipilatipg usine opeen mers of he subigshelectqipyion
NUpR&SScttded A48 &lurh RupRalen B Wity Richkin B. One karyoplast is

subsequently introduced into the perivitelline space of a previously enucleated

immature oocyte. Each grafted oocyte is then positioned between two electrofusion
microelectrodes of the 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. Qocytes 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



[ 0043] A conbi nati on of m croel ectrode noti on and

aspiration or suction nay be used in carrying out the

nmet hods of the present invention. Cenerally, it is

preferable to align cells using aspiration or suction

and then apply direct current via the el ectrofusion

m cr oel eetrode of the presentjji-nvention. 15

[ 0044] Nucl ear transplantation is particularly anmenabl e

t 0ark 61168RH N ESu b MO PIRRES] of PMSE SR RlateMMEIAR! Karyoplasts

transplantation is carried out using the electrofu3|8n
i eedensanevsd dromGVioocyies usingroagpomoretsubjpeteleemetusion

RSl R A St OBt B° M BN ave
spewelegtd by samwing, theflabT aes where theahaaghesk spindietielocaiad)

th ' eqr.at kng t.he transpl anted nugcl eus.of .the.first
5 oBRethANERRS FRP pordhonk RSP LR SHhe Db i bl Palsicn
Thinkcréefecaodss e Wa@V ikyryd plast vesubseguentlgiinielicellintoeind petioitéltise

nucl eu d cytopl asm _[0Q045] di ssed abo th

ot Ot e il poleatal Bt 66 L b matare (D oo,

M Bichelf thetd aakepulBigd Yaryies aher shsitionédbdrhenityd of Bk sWlfdc S
or .whi ch .t he_m croel] ectrod

and type, of manj pul ation f

et Siop piCToRlaRER S w4 Faoted s S bl Ko, S6.59 s
10 t r @Rk pdudichefubion priSe(§)ifor BEBrBIUsRN. TBE bsoyted tHat BRWHIBIRE Rision

in the range of from about 15 11111 to about 25 pmis

pr ¥} /6P aynutegater ars depnmincedrinfvine o1 i2dioprs totllow nuglegr pe
di ABBE86n.| Ood AR W1 the BF% ﬁ@%od? Chad e (ReRRAUindA Qvith

pmis preferred. In one enbodi nent, the outer dianeter
of Giepea fog sromegomeangbsist 0. 97 mm whil e the i nner

di er of . . ; .50, - i
et Ao mTB o e P Heflbid Tl For'd rposg of
15 t hillogretiers itgf vadersfoqslsbattsuch RBrilrinsolely forGhat pERASPPaEdYariations

0046 L oW . ' .
450 B LU OSPRS00Vt o o
ar soppofitiee imeention whichnsiéefingdby theifellowing daiope.




5 Exanple 1 - Construction of Electrofusion

M croel ectrode [0047] A capillary tube, 78 nmin

| engt h, and having an outer dianeter of 0.97 ram and

an inner dianeter of 0.69 mm (Drummond Scientific,

Boomal I, Pa.), is pulled on a horizontal

nai croel ectrode puller (mcropuller) (Canpden Inc.,

LTD., London) approxi matel-1260 to 100 pm at a | ocation
WHATASIGLAaMEDe:m one end 10 (proxi mal end). The tube

is cut and fine polished on a mcroforge (Narishige

Co., LTD, Tokyo, Japan) to obtain a_ final outer

di anbt er A eBGtrpfasiondnigrpelastiede epmpRtRE of 20 pm

Exanple 2 - Nuclear Transplantation for Inmmture

Manmal i.an Qocyt.es .15 [ 0048 rmpal _vesicle

oocy? gg’e g\agmgé?‘t}@%]{}g &EPE?&’ ﬁh{%&%‘ﬂ?ﬁ‘?{’g‘"ﬁg A flﬁgﬁ B é@@al Ehi i a
seeBid sl ainad whrin @ fibe BED2Mlelbaripdll BbriRictife coating on its

karyopl ast 1s then renoved by m cropmani pul ati on using

exdereorovuriaes saisk caahag suispding wintipgallys fiamdghe first proximal end of

rni,cr ctLr 9E§ ' ' suppl enmented with
thgﬂbgctﬁﬁea%Fn .‘S@%@@%p ast is subsequently

i ntroduced into the perivitelline space of a
pr evp ousl YheBleet:6RLIBH midrdel¥Bba¢ ac@Rdint o JRamhl gwadrtiBthe
oocyte is then positioned between two el ectrofusion
first prossha end ofi g tube isksealpt-esent i nvention and exposed
to a single or double 1.0 kV/cm 50-99 ps direct

current fusio ul se(s). Thirty to 60 m nutes later,.

t he docyt Jgﬁe Sggg%é(‘élﬁ'fl r{éﬁr‘}‘%"{rg%{% ﬁ??ﬂ“%fig 4P SHOT ewgeréln the
ﬁfs@ﬁx‘oﬁﬁﬁﬁ eﬁ@%ﬂh%&u@éi@_ob@&n pl aced i n culture and

assessed for maturation. OCocytes which have extruded a

first polar body may be fixed 25 and stained with

G emba f oThe biectmafhsior micaieksirode Ascardingrtolodgim 1, wherein the

approxi matel y .one, third of oocytes are not subjected
ﬁ’fsgg@ﬁynagﬁgﬁﬁ%t}l%{s"ﬁﬁtt are merely cultured in the

same nedi a and exposed to the sanme reagents. Exanple

3- Ggrm ng{% YRek-GluSionl AR R LA 'aeébr&;igg E}Q Q49HCer Whélein the

vesicle ( stage oocytes are retriev by puncturing
tubelid madesf Dfmatenial salevtddafrend the groupsconsistBgDAFdladseplastee, PVC,

m ce. t aphase |1 Mu) oocytes
ceramic, an met%h (M) y

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

8. The electrofusion microelectrode according to claim 1, wherein the

electrically conductive coating extends circumferentially around the tube.



are collected 15 hours after hCG injection of PMSG
stinmul ated fenmal es. Karyopl asts are then renoved from
GV oocytes using one or nore subject el ectrofusion
m croel ectrodes, in a nmedi um suppl enmented with
cytochalsin B. MT oocytes are enucl eated by renoving
the "hub" area where the netaphase spindle is |ocated,
5 together with the first pf#ar body using one or nore
of the subject electrofusion mcroel ectrodes. A GV
karyopl ast is subsequently introduced into the
per i VI telline space of either a previously enucl eated
i mmafure OO qlrctmﬁlaom@r@lwmﬁe Sty eempEsing ¥F clasigRision
t 0 e
R B HeCbo BRI RS pllin LS RO BIE DAFBRERE fobBivily e
el"e@tr@fuslbﬂ gh&oerect!ﬂ@d&lit ¢helsedondvdistal erilof3Be gbel0 di rect
current fusion pulse(s) for eleetrofusion. The oocytes
that show signs of fusion 30 to 60 mnutes later are
t henl®l acdbe ﬁkc@qﬁwﬂénrcmekmoa@ URi aceqsdiag) to\glatcP-enherein
e, t
R S e R S
ﬁﬁﬂﬁf ¥6iprisih® GbHcAbinhaugpirdtbeopdratan tcbmﬁ:ctﬁSto hieemicroelectrode
described . in detaj| for the purpose of 15
af; the geqongddisial, endrofthe tHbgeraeIsHY Shttion is desyen ghe firsg proximal
1?02' ely for that purpose, and variations can be nade
ierein by those skilled in the art w thout departing
fromthe spirit and scope of the invention which is
defi ped byhé &&cftﬁfdswﬁi fgcro¢ladtitile unit dctordiM$iAG difim 9 further
CLAI VED: .. An el ectrofusion m cr oel ect rode
CRIBPYING | acplectrode cha opgrskl yh%ﬂnnﬁgte@x th ap gleghical peyergsource and
t
atls %ﬂ{;ﬁl? 46 qgé %"‘ﬁt fle aetl({] gﬁ(?atljl g{sﬁg}ﬁ c:c%ﬂggpﬁfgéa}le% COREnt can
pas fichine thie\pe we b sdurcgtoche tubs through therelsctmiackp. sai d
coating extending continually fromthe first proxim
end of the tube to the second distal end of the tube.

2. The el Ebe elsrueivgionrmisrasdictions suid 2ge6ingi talaier &1 wherpin
, ' fi I
trg ek Ot thltfen ol B D PR co B 4 RéeehiiPcdiponent, into
whthahélsetgnd disedl ahdlfbﬁthemfceidatrb&embe li§tec¢l|ved<;larmh1nshaift and
of the tube is op The .el ect r of usi on

armekerc@*&ab inshlgts pRsisigs rmtwncﬁhsl tRFeiVIngtropmoReRtand thegpain

td t

0 S A6 8 i oo o
reatletheimaih kieaft.ube i s nade of a material selected from
the group consisting of glass, plastic, PVC, ceramc,

and netal .
The electrofusion microelectrode unit according to claim 9 further

comprising:
a micromanipulator positioned to control the holding tool.

14. A system comprising: two or more electrofusion microelectrode units

according to claim 9.



6. The el ectrofusion mcroel ectrode according to claim
6, wherein the tube is made of gl ass. 7. The

el ectrof usion mcroel ectrode according to claim1,
wherein the electrically conductive coating is
selected fromthe group consisting of alum num

copper, silver, gold, titanium platinum tungsten,

al l oys, and m xtures thereaf4- 8. The

el ectrofusion mcroel ectrode according to claiml,
wherein the electrically conductive coating extends
circunferentially around the tube. _ -

An
eI ecl¥.of udi m’fhﬂdc?ﬁ)@??@m‘ﬂ%@é ellst a@é‘ﬁp?‘?lgﬁlﬂgcowpnems said
t n d c g
8 SR QLR P AR AR LAM Bochiralel Tk, ¥ v
Iﬁkﬁﬁzﬂaineaiff thél eubat oft the e&&&@ﬁﬂuﬂl mtcm)elmmd)defacctd"lémg ubelaim 1,
10. The el ectrofusi on. m cr oel e f?ﬂg‘? HI t according to
urder Fondtiongetestive oraanipylate the orggHular cCQmRONERhe i s

open, said electrofusion mcroelectrode unit further

t :
Lo DR i e BelRE AT Rnd BRUGEL 5, vARGHR the P RRAGh flnd of
the Whilss is\uper, ey sSidCdlémfﬁsiorﬂﬁlﬁkkmﬂeleﬁrddbémfthefrsi)nmrxsmgmacuum

end, 11. The el ectrofusion croelectr e uni
orAspHRgr ABCERlY cornsatesl tothe mé?roelsﬁ% esfrtr%e Segﬂnga’é?i FB@ gf the

i
tubk! Qi@ RRAAR! YorfiRP RBEbAGNLOafllyh Sbibd 7 1ROV [ aR9oH Edlular
ccﬁmptdmntdutmgcsaaicamga,ctmger eby curr ent can pass fromthe

power source to the tube through the electrode clip.

12. The el ectrofusion nicroel ectrode unit_ accor de‘égf %ugion

cl ai -9, Whereshod naccppsling g clggn Fur Wheteit saish i
t
ol RIGEFERT IR a6 DSEID U e SR 8
eléaﬁealVﬁ(dverasdilimm aixhafthchabledtoatheetubetat i thal electlmalllat amductive

p05|t|oned bet n the rece|V| conpqnent and the
coping, S prethah BriSy C@FIBEPPSC%\EPP R Hgephioothgreel

a'%_izﬁ'{?ﬁﬁﬁ} 6rﬂ NoZol reach the main shaft.
e e rothsio n1croe ec rode unit according to
claim?9 further conprising: a mcromani pul at or
posi 18.onedhé omethotr atcdrihigghad délaign t 08| wherein sdid. céntacting
system conprising: two or nore el ectyofusjon
comprisss) igninge B1sifg elecherRsAiing §lachoRisuears/or transplanting cells
m&ﬁbrd%ﬂﬁﬁ%@&ﬂ gpnlpulatlng cells and/or cel l ul ar
componen 8214 “fret hod conprising: contacting a cel
and/ or cellular conponent with the first proxinml end
of the tupenethddhef eladpulaingstells sidisroesludar ostaponents, said
according to claim1, under conditions effective to
madei somerisinghe cel | and/ or cel lular conponent.
16. The method according to claim 15, wherein the

o Eb oL ] A R PR3 g Spsotusion

mYR61EERddes asdVrdiak b cR@ RblNeré@NART t@tladiidgtiB@arried out at the
m croel ectrode at the second distal end of the tube,

fisshipgomeh @dd fofirthen dbes ommgler spadjtionspffsativg tg mariplateothe cell
mgg ‘?gPEﬁg (nmngellular conponent during said



17. The method according to claim15, wherein said

el ectrof usi on m croel ectrode further conprises an

el ectrode clip operably connected to an electrica
power source and attachable to the tube at the

el ectrically conductive coating, said nethod further
conprising, applying an electrical current to the cel
and/ or cellul ar conponent -difri ng sai d contacting.

18. The nmethod according to claim15, wherein said
contacting conprises: aligning, fusing,

el ectroporating, electrofusing, and/ar transplanting
ceII%QandA@ﬁk@gpﬁﬁﬂﬁwnﬁﬁﬁﬁﬁﬁ@g?§@npnﬂng 19. A net hod
of mani pulating cells and/or cellular conponents, said

h ising. . i N .
Tl 1 St R inen Bk miprimat SE0 SRRH RSBpd Epd PR distal end,

whereTrOfk @6bd Ratesh @le@ataliyneoridactiveadoitihg owisr &itdtid autface, said
contacting is carried out at the first proximal end of

caating eutsading roatinesdlydrom dhe fest peetimgbend ohihgtpbe ty e speond

cel | el lul ar conponent. - 15 - 20. An
dl@ﬁaie%l%(f%ﬁﬁgl&cl))%' m croel ect rode conpri si ng: a tube

having a first proxinal end which is sealed and a

secopd di $hakletishusioh@hietdeldchBdé HORrdiag t@blaim 20, wherein the

el ectrically conductive coating on its exterior
fisstipfoaireal epdiod thedubs deakt endi ng continual ly fromthe

first proximal end of the tube to the second di st al

end t he, t upe. . 21. . The el ectr.of usi on .

m croel ecﬁl?)a clefusion imigtaelse Iogi? Pf?c?f)c,img\dlﬁ% F%frﬂ 20y yherein the
tubk [Shalld 8Kh HkerRN eI ted H8m! B @rdup d¥@Bikting of %lassz Blasdl@VC,

el ectrof usion mcroel ectrode according to claim 20,
cantmaicgind métal. t ube is nmade of a material selected from

the group consisting of glass, plastic, PVC, ceramc

and t al 3. The el ectrofusian mcroelgctraode

ecolhi noTho cleptirfiios MgEERROS pEoriNe & S g2 herin the
Bl 8SSade of olass24. The el ectrofusi on mcroel ectrode

accordi ng %o claim 20, wherein the electrically

conductive coating is selected fromthe group _

cons24t i nFhetleatrafition miccospgeende acdovding tgolagn 20, wherein the

R AR L0 AN A S i,
c %18 %30&9%618 SR, gﬁtinﬁﬁ?f&ﬂgﬁeﬁfﬁlo%,%ﬁl higRrdsthereof.

uctive coating extends circunfefentially around

the tube. 26. An electrofusion mcroelectrode unit
conppj.si nFhe aRcedfasion efiugictuctrode aaetding tooceina2@owbéraip the

to claim?21 and a hol di ng tool .capabl e. of
eleetrieally sppdueieveqoating ereadsireRmeraRially o the tiee

second distal end of the tube.
26.  An electrofusion microelectrode unit comprising:

an electrofusion microelectrode according to claim 21 and

a holding tool capable of receiving the electrofusion microelectrode at the

second distal end of the tube.



- 16 - 27. The el ectrofusion mcroel ectrode unit

according to claim26 further conprising: an

el ectrode clip operably connected to an electrica

power source and attachable to the tube at the

el ectrically conductive coating, whereby current can

pass fromthe power source to the tube through the
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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 shatft.

29.  The electrofusion microelectrode unit according to claim 26 further

comprising:
a micromanipulator positioned to control the holding tool.
30. A system comprising:
two or more electrofusion microelectrode units according to claim 26.

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

method comprising:



32. The nethod according to claim 31, wherein said
el ectrof usi on m croel ectrode further conprises an

el ectrode clip operably connected to an el ectri cal
power source and attachable to the tube at the

el ectrically conductive coating, said nethod further

conpri si ng: applying an electrical current to

the cell and/or cellular eddponent during said

cont acti ng. 33. The nethod according to claim

31, wherein said contacting conprises: aligning,
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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.

33. The method according to claim 31, wherein said contacting

comprises:

aligning, fusing, electroporating, electrofusing, and/or transplanting cells

and/or cellular components.

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

method comprising:

contacting a cell and/or cellular component with two or more electrofusion
microelectrodes according to claim 20, wherein said contacting is carried out at the
first proximal end of the tubes under conditions effective to manipulate the cell

and/or cellular component.



