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ABSTRACT 

The present invention is directed to an electrofusion micro 
electrode used in the alignment, manipulation, fusion, or 
electroporation of cells. This device is particularly useful for 
transplantation of cells and cellular components. 
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ELECTROFUSION MICROELECTRODE 

[0001] This is a continuation of US. patent application 
Ser. No. 11/123,528, ?led May 6, 2005, Which claims bene?t 
ofU.S. patent application Ser. No. 10/090,036, ?led Feb. 28, 
2002, now US. Pat. No. 7,101,703, Which claims bene?t of 
US. Provisional Patent Application Ser. No. 60/274,378, 
?led Mar. 9, 2001, Which are hereby incorporated by refer 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] Electrofusion and electroporation of cells involves 
application of an electrical current to cells. In many 
instances, cells are aligned prior to applying a direct elec 
trical current. Alignment may be done manually, for 
example, by aspiration or vacuum suction. Alignment may 
also be performed by applying an alternate electrical current. 
When alignment is done by applying alternate current, cell 
survival is drastically reduced. The present invention pro 
vides a tool having the dual capacity to manually align cells 
and deliver direct current to cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] FIG. 1 is an illustration of one embodiment of the 
electrofusion microelectrode. In this embodiment, the ?rst 
end of the tube is sealed. 

[0004] FIG. 2 is an illustration of another embodiment of 
the electrofusion microelectrode. In this embodiment, the 
?rst end of the tube is open. 

[0005] FIG. 3 is an illustration depicting the electrofusion 
microelectrode connected to a poWer source via an electrode 
clip. In this illustration, the micro?lament protrudes from the 
tube at the distal end and is bent or looped. The electrode 
clip is clamped on the distal end of the tube and also contacts 
the bent portion or loop of the conducting ?lament. Suction 
means via a pipette holder is also depicted in this ?gure and 
may be connected to the distal end of the electrofusion 
microelectrode. 

DESCRIPTION OF THE INVENTION 

[0006] The present invention is directed to an electrofu 
sion microelectrode Which may be used in the alignment, 
manipulation, fusion or electroporation of cells including the 
transplantation of cells and cellular components. The elec 
trofusion microelectrode comprises a tube encasing a ?la 
ment Which is an electric conductor. As used herein, “tube” 
is meant to encompass any holloW casing and may have any 
type of geometrical conformation. Thus, if desired, the Walls 
of the tube may be angled. In a preferred embodiment, the 
tube is cylindrical. In an even more preferred embodiment, 
the tube is shaped as a holding pipette. 

[0007] The tube as Well as the conducting ?lament has 
both a medial and distal end. As used herein, the “medial 
en ” of the tube or conducting ?lament is the end Which 
contacts the cells and/or cellular components. The “distal 
end” of the tube or conducting ?lament is furthest aWay from 
the cells and/or cellular components and nearer a direct 
current poWer source. 

[0008] The conducting ?lament may comprise any knoWn 
conductor such as a metal, metal alloy or mixture of metals 
and/or metal alloys. Certain carbon allotropes may also be 
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used to form the conducting ?lament. Examples of metal 
conductors Which may be used as a conducting ?lament 
include but are not limited to, aluminum, copper, silver, 
gold, titanium, platinum, and tungsten. An example of a 
carbon allotrope Which may be used as a conducting ?la 
ment in the electrofusion microelectrode is graphite. In a 
preferred embodiment, the metal ?lament is made of tung 
sten or tungsten alloy. 

[0009] In one embodiment of the invention, one end of the 
?lament is ?attened at the tip of one end of the tube and the 
tube is sealed at this end (medial end). In an alternative 
embodiment, the electrofusion microelectrode has an inter 
nal opening surrounding the ?lament. The internal opening 
is useful to alloW aspiration or vacuum suctioning of cells 
such as used With a standard holding pipette. In this embodi 
ment, the end of the tube Which is in contact With the cells 
or cellular components, i.e., the medial end, is open. In FIG. 
1, the ?rst (medial) end of the tube Where the ?rst (medial) 
end of the ?lament protrudes is sealed. FIG. 2 shoWs an 
alternative embodiment Where the ?rst end of the tube is 
open. 

[0010] The tube portion of the electrofusion microelec 
trode may be made of any number of materials such as glass, 
plastic, PVC, ceramic, metal, etc. In a preferred embodi 
ment, the tube portion is made of glass. In a more preferred 
embodiment, the tube portion is made from a borosilicate 
glass capillary tube, pulled and forged as a holding pipette. 
[0011] The length and diameter of the electrofusion micro 
electrode may vary according to the type of cells and type of 
manipulation for Which the tool is used. For example, When 
used for nuclear transplantation of mammalian cells, a tube 
diameter in the range of from about 15 to about 25 pm is 
useful. When used for mammalian cell fusion, a tube diam 
eter in the range of from about 60 to about 100 um may be 
used. Thus, 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. 
The diameter of the conducting ?lament may be anyWhere 
in the range of from about 7 to about 20 pm. The distal end 
of the conducing ?lament is preferably thicker than the 
medial end so that connection to a poWer source is conve 

niently achieved. 
[0012] The length of the microelectrode can of course, 
vary. A length of about 78 mm is convenient for most 
manipulations. Typically, there is a bend in the tube approxi 
mately 1 mm or so from the medial end. 

[0013] With reference to FIG. 1, one embodiment of the 
invention is illustrated therein and it Will be seen to include 
an electrode main body and an electrode tip. As illustrated 
in FIG. 1, a conductor ?lament extends throughout the tube 
(electrode main body). Both the tube and the ?lament have 
a ?rst (medial) and a second (distal) end. A ?rst (medial) end 
of a ?lament protrudes through a ?rst (medial) end of the 
tube and is ?attened at the tip of the ?rst (medial) end of the 
tube. In FIG. 1, the medial ends make up the electrode tip. 
A second (distal) end of the ?lament protrudes through a 
second (distal) end of the tube and is con?gured to both 
alloW the ?lament to remain relatively ?xed Within the tube 
and to alloW connection to a poWer source. The medial end 
of the tube may be open, or closed (sealed). 

[0014] There are many possible con?gurations for the 
distal, protruding end of the ?lament. In one embodiment, 
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the distal end of the ?lament may be bent or looped towards 
the outer Wall of the tube or Wrapped around the outer Wall 
of the tube in order to have the ?lament remain relatively 
?xed Within the tube. Conveniently, an electrode clip or the 
like may be clamped around the tube as Well as the looped, 
bent, or Wrapped portion of the distal end of the ?lament. 
This embodiment of the invention is depicted in FIG. 3. 

[0015] In another embodiment of the invention, the medial 
end of the conducting ?lament does not protrude from the 
medial end of the tube. The inner Walls of the tube are 
painted With a liquid form of an electric conductor from a 
place Where the ?lament no longer extends to the medial end 
of the tube and the paint extends to the outside (lateral) edge 
of the medial end of the tube. In this embodiment, the distal 
ends of the ?lament and tube are as described above. Again, 
the medial end of the tube may be open or closed (sealed). 

[0016] In yet another embodiment of the invention, rather 
than using a conducting ?lament, the inner portion of the 
tube is painted With a liquid form of an electric conductor. 
Examples include liquid aluminum, copper, silver, gold, 
titanium, platinum, tungsten, and alloys and mixtures 
thereof. Thus, at least a portion of the inner Walls are painted 
With a liquid electric conductor and the painted area extends 
continually from the medial end of the tube to the distal end 
of the tube. The medial end of the tube may be opened or 
sealed. The liquid conductor is also painted on at least a 
portion of the outer (lateral) edge of both the medial and 
distal ends of the tube. Further, a portion of the liquid 
conductor is applied to the outside Wall of the tube at the 
distal end so that connection to a direct current poWer source 
may be achieved. For example, an electrode clip may be 
clamped to the tube, contacting that portion of the distal end 
of the outer Wall of the tube Which is painted With the liquid 
conductor. 

[0017] The electrofusion microelectrode is preferably 
mounted on a tool holder Where it can be controlled by a 
micromanipulator. Preferably, the micromanipulator is used 
under inverted microscopy. Examples of micromanipulators 
Which may be used With the subject electrofusion micro 
electrode include but are not limited to, the MM188 and 
MM109 manufactured by Narishigie Co., LTD, Tokyo, 
Japan. Preferably, the electrofusion microelectrode is used 
as a set of tWo: the distal end of the conducting ?lament of 
one electrofusion microelectrode being connected to the 
positive terminal of a direct current poWer source, and the 
distal end of the conducting ?lament of a second subject 
electrofusion microelectrode being connected to the nega 
tive terminal of a direct current poWer source. The poWer 
source should be able to deliver at least 1 kilovolt per 
centimeter, direct current. Examples of poWer sources that 
may be used With the subject microelectrode include the 
BTX Electro Cell Manipulator 200 or 2001 (BTX Inc., San 
Diego, Calif.). 

[0018] The subject tool(s) may be used to perform the 
techniques of electrofusion/electroporation by manually 
aligning and/or or micromanipulating the cells using micro 
electrode motion. Altematively, if the medial end of the 
tool(s) is open, cells may be manually aligned using aspi 
ration or vacuum suction. Of course, a combination of 
microelectrode motion and aspiration or suction may be 
used to micromanipulate and/or align cells. After aligning 
cells, direct current may be applied via the subject micro 

Jun. 28, 2007 

electrode(s). Since cells are aligned manually, the use of 
alternate current for alignment is avoided, signi?cantly 
improving cell survival. Since cell survival is drastically 
improved, much loWer cell numbers may be used in each 
manipulation. 
[0019] The present invention therefore provides methods 
of manipulating cells using the subject electrofusion micro 
electrode. Such methods include for example, cell transplan 
tation, electrofusion of cells, electroporation of cells, and 
nuclear transplantation. Thus, the present invention provides 
a method of transplanting mammalian cells Which comprises 
micromanipulating the cells With tWo electrofusion micro 
electrodes and delivering a direct current to the manipulated 
cells. The subject electrofusion microelectrodes for use in 
the method of transplantation of mammalian cells, may have 
any of the alternate embodiments hereinbefore described. 

[0020] The present invention also provides a method of 
electrofusion of cells. The method comprises aligning cells 
betWeen tWo electrofusion microelectrodes and delivering a 
direct current to the aligned cells. Again, the subject elec 
trofusion microelectrodes for use in the method of electro 
fusion of cells, may have any of the alternate embodiments 
hereinbefore described. 

[0021] Also provided by the present invention is a method 
of electroporation of cells. The method comprises manipu 
lating cells With tWo electrofusion microelectrodes and 
delivering a direct current to the manipulated cells. The 
subject electrofusion microelectrodes for use in the method 
of electroporation may have any of the alternate embodi 
ments hereinbefore described. 

[0022] A method of nuclear transplantation is also pro 
vided by the present invention. The method comprises 
removing a nucleus from a ?rst oocyte and transplanting the 
nucleus into the perivitelline space of a second, previously 
enucleated oocyte, and then integrating the transplanted 
nucleus of the ?rst oocyte With the cytoplasm of the second 
oocyte. Transplantation and integration is performed using 
the subject electrofusion microelectrodes and integration is 
achieved by delivering a direct current to the nucleus and 
cytoplasm. The subject electrofusion microelectrodes for 
use in the method of nuclear transplantation may have any 
of the alternate embodiments hereinbefore described. 

EXAMPLE I 

[0023] A capillary tube, 78 mm in length, and having an 
outer diameter of 0.97 mm and an inner diameter of 0.69 mm 

(Drummond Scienti?c, Boomall, Pa.), is pulled on a hori 
Zontal microelectrode puller (micropuller) (Campden Inc., 
LTD., London) approximately 60 to 100 pm at a location of 
10-15 mm from one end (medial end). The tube is cut and 
?ne polished on a microforge (Narishige Co., LTD, Tokyo, 
Japan) to obtain a ?nal outer diameter of 60 um and an inner 
diameter of 20 pm. A platinum ?lament having a thickness 
of about 20 to 40 um (available from a ?ne jeWeler) is 
inserted into the distal end of the pipette under a sterile 
microscope With a magni?cation of 6-15>< or a magnifying 
lens of at least 6><. The medial end of the conducting ?lament 
is placed ?ush against the tip of the medial end of the pipette. 
The distal end of the ?lament is of a length longer than the 
pipette so that that it exits the distal end of the pipette by a 
length of at least 10 mm. This portion of the ?lament Which 
exits the distal end of the pipette is bent toWards the outside 
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Wall of the distal end of the pipette, making a bend or a loop 
to secure the ?lament in place Within the pipette and to alloW 
connection to a power source by means of an electrode clip. 
An electrode clip may be attached to the tube, ensuring that 
contact With the protruding portion of the distal end of the 
?lament is made (FIG. 3). The electrode clip may be 
connected to a direct current poWer source such as the BTX 

Electro Cell Manipulator 200 or 2001 (San Diego, Calif). 

EXAMPLE 11 

Nuclear Transplantation for Immature Mammalian 
Oocytes 

[0024] Germinal vesicle (GV) stage oocytes are retrieved 
by puncturing follicles of unstimulated ovaries of B6D2F1 
female mice. A karyoplast is then removed by microman 
ipulation using one or more of the subject electrofusion 
microelectrodes in a medium supplemented With cytocha 
lasin B. One karyoplast is subsequently introduced into the 
perivitelline space of a previously enucleated immature 
oocyte. Each grafted oocyte is then positioned betWeen tWo 
of the subject electrofusion microelectrodes and exposed to 
a single or double 1.0 kV/ cm, 50-99 pm direct current fusion 
pulse(s). Thirty to 60 minutes later, the oocytes are exam 
ined for sign of fusion. The restored oocytes are then placed 
in culture and assessed for maturation. Oocytes Which have 
extruded a ?rst polar body may be ?xed and stained With 
Giemsa for chromosome analysis. As controls, approxi 
mately one third of oocytes are not subjected to any manipu 
lation, but are merely cultured in the same media and 
exposed to same reagents. 

EXAMPLE Ill 

Germinal Vesicle Transplantation 

[0025] Germinal vesicle (GV) stage oocytes are retrieved 
by puncturing follicles of unstimulated ovaries of B6D2F1 
female mice. Metaphase 11 (M11) oocytes are collected 15 
hours after hCG injection of PMSG stimulated females. 
Karyoplasts are then removed from GV oocytes using one or 
more subject electrofusion microelectrodes, in a medium 
supplemented With cytochalsin B. Mll oocytes are enucle 
ated by removing the “hub” area Where the metaphase 
spindle is located, together With the ?rst polar body using 
one or more of the subject electrofusion microelectrodes. A 
GV karyoplast is subsequently introduced into the perivi 
telline space of either a previously enucleated immature 
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(GV) or a mature (Mll) oocyte. Each of these manipulated 
oocytes is then positioned betWeen tWo of the subject 
electrofusion microelectrodes and exposed to a single or 
double 1.0 kV/cm, 50-99 pm direct current fusion pulse(s) 
for electrofusion. The oocytes that shoW signs of fusion 30 
to 60 minutes later are then placed in culture for 12 hours, 
to alloW nuclear maturation. Oocytes Which extrude the ?rst 
polar body may be ?xed and stained With Giemsa for 
chromosome analysis. 

What is claimed: 
1. An electrofusion microelectrode Which comprises a 

tube having Walls painted With a liquid electric conductor 
and Wherein the painted electric conductor extends continu 
ally from a ?rst (medial) end of the tube to a second (distal) 
end of the tube, Wherein the distal end of the tube is 
connectable to a direct current poWer source. 

2. The electrofusion microelectrode of claim 1 Wherein 
the tube is shaped as a holding pipette. 

3. The electrofusion microelectrode of claim 1 Wherein 
the ?rst (medial) end of the tube is sealed. 

4. The electrofusion microelectrode of claim 1 Wherein 
the ?rst (medial) end of the tube is open. 

5. The electrofusion microelectrode of claim 1 Wherein 
the tube is made of plastic, PVC, ceramic, or metal. 

6. The electrofusion microelectrode of claim 1 Wherein 
the tube is made of glass. 

7. The electrofusion microelectrode of claim 1 Wherein 
the tube is bent. 

8. The electrofusion microelectrode of claim 1 Wherein 
the second (distal) end of the tube is connectable to a 
vacuum or hand held aspirator. 

9. The electrofusion microelectrode of claim 8 Wherein 
the hand held aspirator is a pipette holder. 

10. The electrofusion microelectrode of claim 1 further 
comprising: 

a tool holder on Which the electrofusion microelectrode is 
mounted. 

11. The electrofusion microelectrode of claim 10 further 
comprising: 

a micromanipulator Which controls the tool holder. 
12. The electrofusion microelectrode of claim 1 Wherein 

the liquid electrical conductor is selected from the group 
consisting of liquid aluminum, copper, silver, gold, titanium, 
platinum, tungsten, alloys, and mixtures thereof. 

* * * * * 


