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Effect of Fusion Procedure on the Development of Embryos
Produced by Somatic Cell Nuclear Transfer
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ABSTRACT

The purpose of this study was to investigate the effects of the fusion pulses and fusion media on
fusion rate and the development of embryos produced by somatic cell nuclear transfer in Hanwoo
(Korean cattle).

Nuclear donor cumulus and fetal fibroblast cells were cultured in Dulbecco's modified Eagle medium
supplemented with 10% fetal bovine serum at 38.5°C in a humidified atmosphere of 5% CO; in air.
The in vitro matured oocytes were enucleated and then the isolated donor cells were introduced. The
cumulus cell and cytoplast were fused using one pulse of 70 volts for 40 us, two pulses of 70 volts
for 40 s and one pulse of 180 volts for 15 ys. The fetal fibroblast cell and cytoplast were fused
using one pulse of 180 volts for 15 us or 30 us. The cumulus cell and cytoplast were fused using
mannitol and Zimmermann cell fusion medium (ZCFM) as a fusion medium. The fused embryos were
activated after the fusion with 10 xM calcium ionophore for 5 min and 2 mM 6-dimethyl- aminopurine
for 3 h. The nuclear transfer embryos were cultured in 500 #] well of modified CR1aa supplemented
with 3 mg/ml BSA in the four well dish covered with mineral oil. After 3 days culture, culture medium
was changed into modified CRlaa medium containing 1.5 mg/ml BSA and 5% FBS for 4 days. The
incubation environment was 5% CO,, 5% 0,, 90% N at 38.5C.

When the cumulus cells were fused with enucleated oocytes by three different fusion pulses, one
pulse of 180 volts for 15 gs yielded the highest fusion rate and developmental rate to blastocyst among
the pulses (P<0.05).

When the fetal fibroblast cells were fused with enucleated oocytes, one pulse of 180 volts for 30 us
yielded significantly higher fusion rate compared with that for 15 xs(P<0.05). The present result
indicates that the fusion rate between karyoplast and cytoplast was affected by the cell type and the
optimal fusion condition was different according to cell type or size. When the fusion was conducted
by the use of mannitol and ZCFM, the fusion rate was 71.2% and 65.8%, respectively. The
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developmental rates to blastocyst were 37.8% and 39.8%, respectively. There was no significant

difference between two fusion media in the developmental rate of cumulus cell nuclear transfer embryos.

These results indicate that optimal electric current should be selected according to cell type.
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I. INTRODUCTION

Nuclear transplantation is to introduce the
exogenous nucleus into the cytoplast. The intro-
duced nucleus undergoes nuclear envelope break-
down (NEBD) and premature chromosome conden-
sationn (PCC), which are then followed by nuclear
reformation (Campbell et al., 1993). Accordingly,
cell to cell fusion is the essential procedure. In the
beginning, the inactivated Sendai virus (HVJ) was
used in rabbit (Bromhall, 1975; Stice et al., 1987),
mouse (McGrath and Solter, 1983), sheep (Wi-
ladson, 1986) and cattle (Robl! et al., 1987). Sendai
virus was not effective for bovine oocytes. So,
bovine virus, bovid herpesvirus known to cause
fusion of cultured cells, was used. This method,
however, was not effective (Robl et al, 1987).
Willadson (1986) and Robl et al. (1987) reported
that electrofusion was the efficient method com-
pared with Sendai virus. Since then, -electrofu-
sion have been commonly used.

Electrofusion of mammalian cells induces the
destablization of closely associated bilayer lipid
membranes between adjacent two cells. The precise
way in which a direct current pulse disrupts cell
membranes is not clear. After electrofusion treat-
ment, the membranes recover to minimize the
surface tension of the lipid membrane bilayer. This
results in a point membrane fusion between two
cells (Zimmermann and Greyson, 1983; Zimmer-
mann, 1986, Hofmann and Evans, 1986).

Researchers reported that factors affecting fusion
rate were cell size, voltage and fusion medium.
Tatham et al. (1996) reported that the optimal
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electrofusion parameters should be selected accor-
ding to the various cell types. Zakhartchenko et al.
(1995, 1997) also reported that the fusion rate was
different according to different karyoplast-cytoplast
ratios and cell size, and a higher voltage was
needed to induce the disruption of the membrane of
small cell (Zimmermann and Vienken, 1982).
Vignon et al. (1998) reported that 60~65% fusion
rate was accomplished when somatic cells were
fused with recipient oocytes using two pulses of 1.2
KV/em for 50 ps, and Shiga et al. (1999) reported
that 54.7~65% fusion rate was obtained when the
fusion between karyoplast and cytoplast using two
pulses of 700 to 800 V/cm for 50 us was carried
out.

Willadson (1986) first reported the production of
sheep by nuclear transfer using mannito! solution as
the fusion medium. Robl et al. (1987) reported that
Zimmerman cell fusion medium (ZCFM) showed
higher fusion rate compared with TL Hepes. Since
then, Zimmermann cell fusion medium (Robl et al.,
1987, Stice and Keefer, 1993; Kato et al. 1998) and
mannitol (Kono et al, 1994; Heyman, 1994,
Baguisi et al., 1999) have been commonly used as
the fusion medium. Therefore, this study was
carried out to investigate the optimal fusion

condition.

[I. MATERIALS AND METHODS

1. Oocyte Collection and Maturation

Ovaries were collected from the local slaughter
house and transported using the 25~307C saline in
a thermos to the laboratory. Ovaries were washed

three times with the saline and stored until aspira-
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tion. Cumulus-oocyte complexes (COCs) were
recovered by aspiration of 2~6 mm follicles using
a 10 ml syringe with 18 gauge needle and stored in
Dulbecco’s phosphate buffered saline (D-PBS,
Gibco, USA) supplemented with 5% fetal bovine
serum (FBS, Gibco, USA). The aspirated follicular
fluid was put in a 60 mm petri dish (Falcon, USA)
and COCs were evaluated under the stereo-micro-
scope ( X40).

Only the COCs surrounded with at least three or
four compact layers of cumulus cells and with
evenly distributed cytoplasm were selected for in
vitro maturation. The maturation medium was tissue
culture medium 199 (TCM199, Gibco, USA)
supplemented with 10% FBS and 1% antibiotic-
antimycotic solution (Gibco, USA). The COCs were
washed three times with maturation medium and
then cultured for 20~22 h in preincubated 500 x]
drop of maturation medium in a 35 mm petri dish
(Falcon, USA) covered with mineral oil (E. R.
Squib & Sons, Inc., USA). The incubation environ-
ment was 5% CO, and 95% humidified air at 38.
5C.

2, Nuclear Transfer Procedure

1) Enucleation

Cumulus cells were removed from the oocytes
matured for 18 ~20 h by vortexing in calcium and
magnesium free PBS supplemented with 0.1%
hyalruronidase (Sigma, USA) for 5 min. Only
oocytes with the first polar body were selected as
recipient oocytes. All micromanipulations were
carried out at room temperature using micromani-
pulator (Nikon Narishige, Japan) and inverted
microscope (Nikon, Japan). The recipient oocytes
were placed in 30 i1 drop of TCM199 supplemented
with 20% FBS and 50 pg/p1 phytohemaglutinin
(PHA, Sigma, USA) (Keefer et al., 1994),

The oocytes were held by holding pipette (outer

diameter was approximately 90~120 zm). Enu-
cleation of oocytes was carried out by cutting the
part of zona pellucida near the first polar body, and
then a small volume of cytoplasm surrounding the
first polar body was squeezed out through the slit
made at enucleation with a cutting needle.
Enucleated oocytes were transferred to TCM199
supplemented with 20% FBS and washed three
times.

2) Donor Cell Preparation

(1) Cumulus Cell

After the COCs were collected by the same
method as that of in vitro maturation, the COCs
were washed three times in calcium and magnesium
free PBS supplemented with 5% FBS by centri-
fugation at 1,200 rpm for 5 min and then resusp-
ended with Dulbecco's modified Eagle medium
(D-MEM, Gibco, USA) supplemented with 10%
FBS and 1% antibiotic-antimycotic solution. The
suspended cumulus cells were placed in 100 mm
petri dish (Falcon, USA) and cultured at an
atmosphere of 5% CO; in 95% humidified air at
38.5C.

After 24 h culture, the oocytes were washed by
replacing the culture medium. The culture medium
was replaced with fresh medium at every 48 ~72 h.
The attached cumulus cells were passaged by the
trypsinization or cryopreserved when the cumulus
cell became confluent. Single cell isolation was
undertaken by the incubation in 0.5% trypsin
(Sigma, USA) solution for 5 min,

(2) Fetal Fibroblast Cell

The fetal fibroblast cells to be used were derived
from 40~50 days old fetus from the local slaughter
house. The fetus was transported to the laboratory
with the ice. A brain and red tissue were removed.

After washing with calcium and magnesium free
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PBS, single cell suspension was undertaken by the
trypsinization of fetal tissue with 0.04% trypsin and
0.02% EDTA (Sigma, USA) in D-MEM at 38.5C
for 10 min. Cells were washed by centrifugation at
1,000 rpm for 10 min, and then resuspended with
D-MEM supplemented with 10% FBS and 1%
antibiotic-antimycotic solution. Resuspended cells
were placed into 100 mm petri dish and incubated
at 5% CO; in 95% humidified air at 38.5°C. The
culture medium was replaced at firstly 24 h and
every 48~72 h. When the cell became confluent,
cells were passaged by the trypsinization or
cryopreserved. Single cell isolation was undertaken
by the incubation in 0.5% trpysin solution for 5
min.

3) Nuclear Transfer

Enucleated oocytes were placed in 30 1 drop of
the same medium as that of enucleation, and donor
cells were placed in 20 11 drop of calcium and
magnesium free PBS supplemented with 5% FBS.
Donor cells were introduced into the perivitelline
space of the recipient oocytes through the hole
made at enucleation by the injection pipette
(approximately inner diameter was 10~15 um).
The nuclear transferred oocytes were washed three
times in TCM199 supplemented with 209 FBS.

4) Fusion

Fusion between karyoplast and cytoplast was
accomplished by the use of electric pulse. The
karyoplast and cytoplast complexes were placed in
the fusion medium for equilibration and then placed
between the 1 mm gap electrofusion chamber (PN
450-1) filled with the fusion medium. The karyo-
plast and cytoplast complexes were aligned ma-
nually with mouth pipette and then electric current
was applied by an Electro Cell Manipulator ECM®
(BTX Inc, USA). After the fusion treatment, the
karyoplast-cytoplast complexes were washed in

TCM199 supplemented with 20% FBS, and the
fusion was evaluated after 1 h.

5) Activation of Embryos Produced by Nueclear
Transfer

To activate the fused embryos, the embryos were
treated with 10 zM calcium ionophore for 5 min
and immediately followed by 2 mM 6-dimethylami-
nopurine for 3 h.

3. In vitro Culture

After’ the activation treatment, fused embryos
were washed three times with culture medium and
then cultured on the cumulus cell feeder layer of
1~1.2x10°ml in 500 21 well of modified CR1aa
supplemented with 3 mg/ml BSA in the four well
dish (Nunclon, USA) covered with mineral oil.
Co-culture cumulus cells were prepared by the
treatment with 10 g g/ ¢l mitomycin C for 2.5 h.
The culture media were changed according to
experiment and details were described in experi-
mental design. The incubation environment was 5%
CO; in 95% humidified air or 5% COz 5% Oa,
90% N, at 38.5C.

4. Experimental Design

Experiment 1 was designed to evaluate the effect
of fusion pulse on fusion rate and the development
of embryos produced by cumulus cell nuclear
transfer. The fusion pulse between cumulus cell and
cytoplast was one pulse of 70 volts for 40 xs, two
pulses of 70 volts for 40 xs and one pulse of 180
volts for 15 pus.

Experiment 2 was designed to evaluate the effect
of fusion pulse on fusion rate and the development
of embryos produced by fetal fibroblast cell nuclear
transfer. The fusion pulse between cumulus cell and
cytoplast was one pulse of 180 volts for 15 us or
30 ps.

Experiment 3 was designed to evaluate the effect
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of fusion medium on fusion rate and the develo-
pment of embryos produced by cumulus cell nu-
clear transfer. The fusion media were 0.3 M ma-
nnitol supplemented with 0.05 mM CaCl, and 0.1
mM MgSOs, and ZCFM.

5. Statistical Analysis

Data obtained from this study was analyzed by
using ANOVA. Differences between treatments
were compared by using Duncan's multiple range
test and Student's t-test of SAS (Version 6.12).

[I. RESULTS

1. Effect of the Fusion Pulse between the
Donor Cumulus Cell and Recipient Oocyte

In order to investigate the effect of fusion pulse
on the fusion rate between the donor cumulus cell
and recipient oocyte, three fusion pulses were used.
As shown in Table 1, the fusion rate was si-
gnificantly higher (P<0.05) in one pulse of 180
volts for 15 us compared with other treatment
groups. Also, the developmental rate to blastocyst
was significantly higher in one pulse of 180 volts
for 15 us(P<0.05).

2. Effeet of the Fusion Pulse between the
Donor Fetal Fibroblast Cell and Recipient Oocyte
In order to investigate the effect of fusion pulse

on the fusion rate between the donor fetal fibroblast
cell and recipient oocyte, two fusion pulses were
used.

As shown in Table 2, the fusion rate was
significantly higher in one pulse of 180 volts for 30
¢ s compared with one pulse of 180 volts for 15 pgs.
However, there was no significant difference
between two pulses in developmental rates of em-
bryos.

3. Effect of the Fusion Medium on Fusion Rate
and the Development of Embryos Produced by
Cumulus Cell Nuclear Transfer

To investigate the effect of fusion medium on
the development of embryos produced by cumulus
cell nuclear transfer, the fusion was conducted by
the use of mannitol and ZCFM as the fusion
medium. The fusion rates in mannitol and ZCFM
were 71.2% and 65.8%, respectively. The develop-
mental rates to blastocyst were 37.8% and 39.8%,
respectively.

There was no significant difference between two
fusion media in the developmental rates of em-
bryos. These results suggested that both man-
nitol and ZCFM could be used for cumulus cell

fusion.

IV. DISSCUSSION

Table 1. Effect of fusion pulse on the fusion rate and development of embryos produced by cumulus

cell nuclear transfer in Hanwoo

Fusion nulse’ No. of oocytes No. (%) of No. (%) of oocytes developed to
P manipulated oocytes fused 2 cell Blastocyst
70 V, 40 ps, 1 time 32 0( 0.0)° 0( 0.0)° 0( 0.0)°
70 V, 40 s, 2 times 59 15(25.4) 13(86.7)" 2(13.3)
180 V, 15 ps, 1 time 62 36(58.1)° 28(77.8)° 13(36.1)°

abc

Means with different superscripts within the same columns were significantly different (P <0.05).

! Fusion voltage was applied by using 1 mm gap electrofusion chamber (PN450-1) of an Electro Cell Manipulator

ECM® (BTX Inc, USA).
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Table 2. Effect of fusion pulse on the fusion rate and development of embryos produced by fetal

fibroblast cell nuclear transfer in Hanwoo

No. of oocytes No. (%) of No. (%) of oocytes developed to
Fusion pulsel .
manipulated oocytes fused 2 cell Blastocyst
180 V, 15 ps 1 time 81 37(45.7)° 30(81.1) 9(24.3)
180 V, 30 gs 1 time 95 60(63.2)° 51(85.0) 15(25.0)

*® Means with different superscripts within the same column were significantly different (P<0.05).
' Fusion voltage was applied by using 1 mm gap electrofusion chamber (PN450-1) of an Electro Cell Manipulator

ECM® (BTX Inc, USA).

Table 3. Effect of fusion medium on the fusion rate and development of embryos produced
by cumulus cell nuclear transfer in Hanwoo

No. of No. (%) of No. (%) of oocytes developed to
Fusion medium' .
oocytes manipulated  oocytes fused 2 cell Blastocyst
Mannitol 104 74(71.2) 56(75.7) 28(37.8)
ZCFM 149 98(65.8) 84(85.7) 39(39.8)

" Mannitol: 0.3 M Mannitol supplemented with 0.05 mM CaCl, and 0.1 mM MgSOs, and ZCFM: Zimmermann

Cell Fusion Medium.

When the cumulus cells were fused with enucle-
ated oocytes using one pulse of 70 volts for 40 gs,
two pulses of 70 volts for 40 xs and one pulse
of 180 volts for 15 s, one pulse of 180 volts for
15 us yielded the highest fusion rate among fusion
pulses (P<0.05). This result was consistent with
the report of Cibelli et al. (1998) who produced
fetal fibroblast cell nuclear transfer embryo using
one pulse of 180 volts for 15 ps. Kato et al
(1998) also used two pulses of 150 volts for 25 us
and obtained the fusion rate of 47.5% for cumulus
cell and 67.7% for oviduct cell. Zakhartchenko et
al. (1999) also used two pulses of 2.1 KV/cm for 10
ps and obtained the fusion rate of 63% for
mammary gland cells and 73% for ear cells.
Vignon et al. (1998) used one pulse of 1.21 KV/cm
for 50 us and obtained fusion rate of 54.0
~74.2% for muscle cell and 48.2~65.9% for skin
cell.

In nuclear transfer using blastomere, the fusion
voltage between blastomere and cytoplast was
approximately from 0.7~1.3 KV/cm (Heyman et al.,
1994;Kono et al., 1994;Westhusin et al., 1992). The
pulse used in nuclear transfer using blastomere was
lower than that using somatic cell. These facts
demonstrated that for smaller cells, a higher voltage
was needed to induce smaller cell membrane
electrical breakdown for the accomplishment of
higher fusion rate (Zimmerman and Vienken, 1982).

Unlike cumulus cell, when the fetal fibroblast
cells were fused with enucleated oocytes using one
pulse of 180 volts for 15 ys or 30 xs, one pulse
of 180 volts for 30 ys yielded significantly higher
fusion rate (P<0.05). The present result suggested
that fusion rate between karyoplast and cytoplast
could be affected by the cell type and the optimal
fusion condition may be changed according to cell
type or size (Zakhartchenko et al, 1995, 1997;
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Tatham et al., 1996).

In this study, mannitol and ZCFM were used and
obtained the fusion rate of 71.2% and 65.8%,
respectively. There was no significant difference
between fusion media for the fusion rate and the
developmental rate to blastocysts. In bovine nuclear
transfer using blastomere, ZCFM was most commonly
used (Robl et al, 1987; Stice and Keefer, 1993;
Van Stekelenburg-Hammers et al., 1993; Okoshi et
al., 1997). Mannitol was commonly used in other
species such as mouse, rabbit, pig and sheep (Kono
and Tsunoda, 1988; Collas and Robl, 1990; Prather
et al., 1989; Smith and Wilmut, 1989). Whereas, in
somatic cell nuclear transfer for bovine, both of
ZCFM and mannitol were commonly used (Kato et
al., 1998; Vignon et al., 1998; Shin et al., 1999).
This result suggested that both mannitol and ZCFM
could be used as the fusion medium for the fusion

of somatic cell nucleus.
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