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ABSTRACT : Interspecies somatic cell nuclear transfer (iISCNT) is a useful method to preserve endangered species and to study the
reprogramming event of a nuclear donor cell by the oocyte. Although several studies of iISCNT using murine cells and bovine oocytes
have been reported, the development of murine-bovine iISCNT embryos beyond the 8-cell stage has not been successful. In this paper,
we examined the developmental potential of embryos reconstructed with a murine embryonic fibroblast as the nuclear donor and a
bovine oocyte as the cytoplasm recipient. The reconstructed embryos were cultured in CZB (murine medium) or CR1aa (bovine
medium). In addition, for the development of a murine-bovine iSCNT blastocyst, the antioxidant B-mercaptoethanol (BME) was
supplemented to CR1aa medium. Furthermore, to verify the mouse genome activation in murine-bovine iISCNT embryos, RT-PCR
analysis of murine Xist was performed. The development of the murine-bovine iSCNT embryos cultured in CR1aa was significantly
higher than that in CZB (p<0.05). With respect to the effect of BME on the development of the murine-bovine iSCNT blastocyst,
addition of BME produced a significant increase in blastocyst development (p<0.05). Karyotype analysis confirmed that the
reconstructed embryos were derived from murine cells (40XX). The Xist gene was gradually increased from the 8-cell stage to the
blastocyst stage. This is the first report of blastocyst development of iISCNT embryos derived from murine somatic cells and bovine
oocytes. These results demonstrate that bovine cytoplasm can support the development of later stages of a preimplantation embryo from

murine-bovine iISCNT. (Key Words : Murine, Bovine, Interspecies Somatic Cell Nuclear Transfer, B-Mercaptoethanol, Xist)

INTRODUCTION

Somatic cell nuclear transfer (SCNT) is a technology to
create an exact genetic match of the donor by transferring
the nucleus moved from donor into the enucleated recipient
oocyte. Since the Dolly the sheep was born in 1997 (Wilmut
et al., 1997), the SCNT has been attempted in many other
species (Kato et al., 1998; Wakayama et al., 1998; Baguisi
et al., 1999; Polejaeva et al., 2000; Chesne et al., 2002; Shin
et al., 2002; Constance et al., 2003; Galli et al., 2003) and
expanded its application in basic science as well as in
applied science. It was suggested that SCNT could be
adopted to increase the population of endangered mammals
and preserve them, or even to restore the extinct species
(Kenneth, 2002). However, in exotic or endangered species,
the lack of oocytes and recipients precludes the use of
traditional SCNT. Therefore, an approach such as
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interspecies SCNT (iSCNT), nuclear transfer using the
somatic cells from the one species and the oocytes from
other species, may be the only alternative to produce
embryos and offspring (Saninena et al., 2005).

In several studies, it was reported that oocyte cytoplasm
from bovines, rabbits, and sheep can support early
development of embryos produced by nuclear transfer of
somatic cell nuclei from various mammalian species (Chen
et al., 1999; Domingo et al., 1999). Dominko et al. (1999)
reported that bovine oocyte cytoplasm could support the
blastocyst development of embryos produced by the NT of
somatic cell nuclear material from sheep, pigs and monkeys.
Other studies insisted that iISCNT experiments using giant
panda (Chen et al., 1999), water buffalo (Kitiyanant et al.,
2001), and argali (White et al., 1999) have had been
successful in the production of the blastocyst. In addition,
interspecies somatic cloned gaur (Lanza et al., 2000) and
mouflon (Loi et al., 2001) have also been successfully
produced. However, in spite of these successes, iSCNT,
even between closely related species often fail to produce
viable offspring (White et al., 1999; Lanza et al., 2000). In
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addition, the iISCNT embryos using distant species, such as
inter-genus or inter-family, were capable of only limited
embryonic development (Chen et al., 1999; Dominko et al.,
1999). Recently, by the iISCNT using dog oocytes, cloned
gray wolves were successfully born and alive in good health
(Kim et al., 2007).

Mice were successfully cloned first by Wakayama et al
(Wakayama et al., 1998) and others (Oguara et al., 2000).
Since the mouse is one of the best well-established
experimental animals, the SCNT using mouse system could
provide valuable information on the fundamental
mechanism of the nuclear transfer. Moreover, the iISCNT
using mouse system could offer a good model for the
preservation of the endangered species by iISCNT as well as
exploiting the production of embryonic stem cells by
therapeutic cloning.

Unfortunately, until now, a few papers about iISCNT
experiments using mouse somatic cells and bovine oocytes

were reported (Arat et al., 2003; Park et al., 2004). Arat et al.

(2003) and Park et al. (2004) attempted murine-bovine
iSCNT by transferring mouse embryonic fibroblast cell into
bovine cytoplasm using electrofusion method. However,
they had failed to produce the murine-bovine iISCNT
blastocyst except all cloned embryos were arrested at 8-cell
stage. They suggested that it is associated with abnormal
reprogramming around the time of the embryonic genome
activation rather than chromatin remodeling. In addition, a
sub-optimal culture conditions for the murine-bovine
iSCNT embryos could result in the developmental failure
(Arat et al., 2003).

In this study, we observed the developmental potential
of iISCNT embryos reconstructed with murine embryonic
fibroblasts and bovine oocytes. In particular, the effect of an
antioxidant, p-mercaptoethnoal, on the development of in
vitro-cultured murine-bovine iISCNT embryos was assessed.
We also examined murine Xist gene expression during the
embryonic genome activation in the murine-bovine iISCNT
embryos. In conclusion, a bovine cytoplasm can support the
development of later stage of a preimplantation embryo and
the expression of murine gene during embryonic genome
activation in the murine-bovine iSCNT embryos. This is the
first report of the blastocyst development of iSCNT
embryos derived from the murine somatic cells and the
bovine oocytes.

MATERIALS AND METHODS

Bovine oocyte collection and in vitro maturation
Cumulus-oocyte complexes (COCs) were aspirated
from antral follicles (2-8 mm) on ovaries obtained from a
slaughterhouse. Groups of 35 COCs were incubated and
matured in TCM-199 medium (Gibco, Grand Island, NY)
with 10% FBS (Gemini, St. Woodland, CA), 1% penicillin-
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streptomycin (Giboco), LH (0.5 pg/ml; Sigma-Aldrich, St
Louis, MO) and FSH (0.5 pug/ml; Sigma-Aldrich) at 39°C in
5% CO, in humidified air for 20-24 h.

Preparation of mouse embryonic fibroblasts

Mouse embryonic fibroblasts (MEFs) were isolated by
removed organs from each fetus at the 14" d.p.c. and
dispersed by exposure to 10 ml 0.25% trypsin-EDTA
solution (Gibco). MEFs were collected by centrifugation
and cultured on culture medium; Dullecco modified eagle
medium (DMEM; Gibco) supplemented with 10% FBS
(Gemini) and 1% penicillin-streptomycin (Gibco) at 37°C,
5% CO, in humidified air. The MEFs isolated from each
fetus were karyotyped, and female cells were used as the
donor. After culturing for several passages, cells were
arrested at quiescent (Gp) stage by culturing in the serum
starvation medium with 0.5% FBS (Gemini) for 3-7 days.

Murine-bovine interspecies somatic cell nuclear transfer
(iISCNT)

Matured COCs were vortexed in 1.5 ml eppendorf tubes
with 0.1% hyaluronidase (Sigma-Aldrich) for 5 min to
remove cumulus cells. The zona pellucida of matured
oocytes was slit by a cutting pipette, and the polar body was
removed with parts of the cytoplasm, possibly containing
bovine nucleus, by squeezing the oocyte. A single donor
cell was deposited into periviteline space of each enucleated.
Fusion of mouse cell and bovine enucleated oocyte was
performed in fusion medium (280 mM mannitol) with two
DC pulses of 1.90 kV/cm for 15 psec duration with 1 sec
interval (ECM2001; BTX, San Diego, CA). After fusion,
the reconstructed embryos were treated with 5 pg/mi
ionomycin (Sigma-Aldrich) for 4 min and subsequently
with 2.0 mM 6-dimethylaminopurine (DMAP) (Sigma-
Aldrich) under a humidified atmosphere of 5% CO, at 39°C
for 3 h. The developmental potential of the murine-bovine
iISCNT embryos were investigated under either the CR1aa
or the CZB. In addition, the murine-bovine iISCNT embryos
were cultured either in the CR1aa only or in the CR1aa until
72 h and then in the CZB henceforth (sequential medium).
Moreover, either 55 puM or 11 uM B-mercaptoethanol
(BME; Gibco) was supplemented into CR1aa to improve
the developmental competence of the murine-bovine iSCNT
embryos. The development of embryos was observed daily
under an inverted microscope (Nikon, Japan).

Karyotype analysis and differential staining of murine-
bovine iISCNT embryos

Murine-bovine iSCNT embryos were incubated in
CR1aa containing 0.08 pg/ml of colchicine (Sigma-Aldrich)
for 7-9 h to stop mitosis at metaphase, and then treated with
hypotonic solution of 1% sodium citrate (Sigma-Aldrich)
for 10 min and placed on a clean grease-free glass slide.
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Table 1. In vitro development of murine-bovine interspecies somatic cell nuclear transfer embryos cultured in CZB or CR1aa medium

No. of reconstructed No. (%)? of

No. (%)” of embryos developed to

Medium

embryos embryos fused 2-cell 4-cell 8-cell Morula Blastocyst
CZB 106 68 (64) 51 (75) 19 (28) 1(2)° 0 (0)° 0(0)
CRlaa 144 91 (63) 61 (67) 21 (23) 16 (18)° 5 (5) 1(1)

Fusion was induced with two DC pulses of 1.90 kV/cm for 15 psec with 1 sec interval. After fusion, the reconstructed embryos were treated with 5 png/ml
ionomycin for 4 min and subsequently with 2.0 mM 6-dimethylaminopurine for 3 h.

# Percentage of reconstructed embryos. ® Percentage of fused embryos.

%4 Means with different superscripts within the same column are significantly different at p<0.05.

The slide was treated with a fixative mixture of
methanol:acetic acid in a ratio of 1:1, followed by staining
with 5% Giemsa (Gibco) for 10 min. The spread
chromosomes were counted under a microscope (Olympus,
Japan) at 1,000 fold magnification. To observe the nuclear
number of inner cell mass (ICM) and trophectoderm (TE)
cells of the murine-bovine iSCNT blastocysts, the
differential staining (DS) method was performed. Briefly,
TE cells were stained with 100 ug/ml of the fluorochrome
propidium iodide after treatment with permeabilizing
solution containing 1% (v/v) of the non-ionic detergent
Triton X-100. The blastocysts were then incubated in a
second solution containing 100% ethanol for fixation at 4-
8°C and bisbenzimide for staining the ICM. Fixed and
stained whole blastocysts were mounted and photographed
under UV illumination using an inverted microscope
(Nikon) with differential interference contrast optics.

RT-PCR analysis

RNA in iSCNT embryo was isolated from the
Dynalbeads® mRNA kit (Dynal Biotech ASA, Oslo,
Norway) and RT-PCR analysis was carried out using and i-
StarTaq kit (iINtRON Biotechnology, Seoul, Korea). In brief,
the RT-PCR reactions were initiated by reverse transcriptase
reaction at 45°C for 30 min, and denaturation of the
RNA:cDNA hybrid at 94°C for 15 min. PCR reactions were
initiated by denaturing at 94°C for 30 sec, followed by 35
cycles of: 94°C for 30 sec, 55°C for 30 sec, and 72°C for 1
min. After the last cycle, PCR products were allowed to
extend at 72°C for 5 min. The murine S-actin gene was
amplified from total cDNA with the forward primer, 5’-
AGGTTTTGTCAAAGAAAGGG-3’, and the reverse
primer, 5’-AGAGTGCTGTCTGGTGGTAC-3’. The murine
Xist gene was amplified from that with the forward primer,
5’-ACTGCCAGCAGCCTATACAG-3’, and reverse primer,
5"-GTTGATCCTCGGGTCATTTA-3’. The PCR products
were separated on a 2% agarose gel and visualized by
staining with ethidium bromide.

Statistical analysis

All data were analyzed using a one-way ANOVA and
generalized linear model (PROC-GLM) in the Statistical
Analysis System (SAS) program was employed for
evaluation of the all the treatment effects. Treatment

differences were considered significant when the p value
was less than 0.05.

RESULTS AND DISCUSSION

Effect of culture medium on the development of murine-
bovine interspecies somatic cell nuclear transfer
embryos

To determine the optimal in vitro culture medium for the
murine-bovine interspecies somatic cell nuclear transfer
(iISCNT) embryos, the generally used bovine embryo
culture medium, CR1laa, and the murine embryo culture
medium, CZB, were compared. The rate of blastocyst
development in normal bovine-bovine SCNT using same
condition and CR1aa medium was in the range of 20-25%
(data not shown). The murine-bovine iISCNT embryos
cultured in CR1aa medium developed to 8-cell and morula
embryo stages, while those cultured in CZB were all
arrested at 8-cell stage (Table 1). Even though there was no
considerable development to blastocyst stage, one
blastocyst was formed from the murine-bovine iISCNT
embryos cultured in CR1aa (Table 1). Interestingly, no
developmental block was observed at 2-cell stage embryos
even with using the cells from the mouse strain (ICR)
having 2-cell block. The overall developmental velocity of
the murine-bovine iISCNT embryos was similar to that of
the bovine embryos (data not shown).

Since the murine-bovine iISCNT embryos cultured in the
CZB medium were all arrested at 8-cell stage, which is the
stage of developmental block in bovine embryos, the
sequential culture of the murine-bovine iISCNT embryos
were attempted. The reconstructed embryos were cultured
in CR1aa medium until 72 h (8-cell stage) and then cultured
in the CZB medium henceforth. However, none of the
embryos was developed over 8-cell stage (Table 2). The
gross morphology of the normal murine-bovine iISCNT
embryos showed similar to that of the bovine
preimplantation stage embryos rather than the mouse
(Figure 1). However, there were no detectable differences in
the morphology of the murine-bovine iISCNT embryos
cultured in two different media (data not shown).

In a previous study, Arat et al. (2003) and Park et al.
(2004) attempted the murine-bovine iSCNT by transferring
mouse embryonic fibroblast cell into bovine cytoplasm
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Table 2. In vitro development of the murine-bovine interspecies somatic cell nuclear transfer embryos cultured in CR1aa only or in
sequential medium
No. of reconstructed

No. (%)° of No. (%)° of embryos developed to

Medium

embryos embryos fused 2-cell 4-cell 8-cell Morula Blastocyst
CR1aaonly 47 28 (60) 25 (89) 12 (43) 7(25) 5 (18)° 0(0)
Sequential medium? 59 36 (61) 32 (89) 14 (39) 5(14) 0 (0)° 0(0)

Fusion was induced with two DC pulses of 1.90 kV/cm for 15 psec with 1 sec interval. After fusion, the reconstructed embryos were treated with 5 ng/ml

ionomycin for 4 min and subsequently with 2.0 mM 6-dimethylaminopurine for 3 h.
@ Embryos were cultured in the CR1aa medium until 72 h, and then cultured in CZB medium henceforth.

® Percentage of reconstructed embryos. ¢ Percentage of fused embryos.

¢ Means with different superscripts within the same column are significantly different at p<0.05.

using electro-fusion method. Park et al. (2004) examined
the nuclear and microtubule dynamics in murine-bovine
iSCNT embryos and Arat et al. (2003) also investigated the
nuclear structure of murine-bovine iISCNT embryos after
activation. They reported that the bovine oocyte cytoplasm
could support the nuclear remodeling in mouse-bovine
iSCNT embryos. However, all of the murine-bovine iSCNT
embryos were arrested at the 8-cell stage and no blastocysts
were produced. They explained that the sub-optimal culture
conditions might be related to the arrest in the development
at the 8-cell stage. Therefore, we attempted to develop the
in vitro culture medium for improving the blastocyst
formation of mouse-bovine iISCNT embryo.
Laibfried-Rutledge et al. (1997) suggested that it is
known that there are species-specific requirements for
embryo culture media. In the iISCNT experiments using
bovine oocyte cytoplasm, the bovine culture medium was

utilized as a basal in vitro culture medium (Dominko et la.,
1999; Dindot et al., 2004; Yanxin et al., 2006). Dominko et
al. (1999) cultured the iISCNT embryos generated by the NT
of somatic cell nuclear material from sheep, pigs, monkeys
and rats with CRlaa medium, and they produced the
blastocyst from sheep, pigs and monkeys (rat excepted).
They proposed that the high proportions of cleaving
embryos, regardless of the species of donor nucleus,
developed to advanced stages in a culture medium designed
for bovine embryo (Dominko et al., 1999). Sansinena et al.
(2005) also cultured banteng-bovine iISCNT embryo with
the CR1aa medium and they produced the pregnancies. In
experiments, utilizing bovine oocytes and the TCM199 as a
culture medium, the iISCNT blastocysts and fetuses were
produced (Dindot et al., 2004; Yanxin et al., 2006).

In the case of murine-bovine iISCNT, Arat et al. (2003)
used the TCM199 and Park et al. (2004) utilized the CR1aa

Figure 1. In vitro development of the murine-bovine interspecies somatic cell nuclear transfer embryos. (A) 1-cell stage embryos, (B) 2-
cell stage embryos, (C) 4-cell stage embryos, (D) 8-cell stage embryos, (E) Morula stage embryos, (F) A blastocyst stage embryo. Scale
bars =50 pum.
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Table 3. Effect of B-mercaptoethanol on in vitro development of murine-bovine interspecies nuclear transfer embryos cultured in CR1aa

medium

b
Concentration r I\rlloiroft . No. (%)? of No. (%) of embryos developed to
of B-mercaptoethanol (uM) e(;(;nzr;gse embryos fused 2-cell 4-cell 8-cell Morula Blastocyst
0 198 119 (60) 86 (72) 33(27) 23(19) 5(4) 0(0)°
55 154 91 (59) 74 (81) 32(35) 14 (15) 5(5) 2 ()«
11 166 103 (62) 85 (82) 39 (38) 19 (18) 6 (6) 4 (4)°

Fusion was induced with two DC pulses of 1.90 kV/cm for 15 psec with 1 sec interval. After fusion, the reconstructed embryos were treated with 5 pg/ml
ionomycin for 4 min and subsequently with 2.0 mM 6-dimethylaminopurine for 3 h.

@ Percentage of total oocytes. ® Percentage of reconstructed embryos.

%9 Means with different superscripts within the same column are significantly different at p<0.05.

as a basal culture medium. Arat et al. (2003) insisted that
the ability of these bovine specific media to support
cleavage development of inter-species embryos might be
due to the fact that the initial development of embryos is
generally driven by recipient cytoplasm, and thus any media
supporting bovine embryo development might also support
the initial development of interspecies NT embryos.
However, all of the murine-bovine iISCNT embryos were
arrested at 8-cell stage (Arat et al., 2003; Park et al., 2004).
It is supposed that the distant species iISCNT embryos were
capable of only limited embryonic development (Chen et al.,
1999; Dominko et al., 1999; Arat et al., 2003; Park et al.,
2004). Though CRlaa medium was designed for bovine
embryo culture (Rosenkrans et al., 1993), Dominko et al.
(1999) explained that CRlaa might be supporting the
development of iISCNT embryos as successfully as it
supports bovine embryos. Results in this study also present
empirical evidence to support that CR1aa might be a more
effective medium than CZB (mouse medium) in the murine-
bovine iISCNT.

Effects of p-mercaptoethanol on the development of
murine-bovine interspecies somatic cell nuclear transfer
embryos

Although a single blastocyst development was observed
in the murine-bovine iISCNT embryos cultured in CRlaa
medium, the majority of the reconstructed embryos showed

abnormal developments, such as fragmentation and
irregular division of the blastomeres. To increase the
development rate and the blastocyst formation rate in the
murine-bovine iISCNT embryos, 3-mercaptoethanol (BME),
an antioxidant, was supplemented to CRlaa medium.
Addition of BME (both 5.5 uM and 11.0 uM) increased the
development rate of 2- and 4-cell embryo compared to the
control, although there was no significant difference (Table
3). Although no significant differences in the embryonic
development of 8-cell and morula stage among the control
and treatment groups were founded, the addition of BME
(both 5.5 uM and 11.0 uM) significantly increased the
development of blastocyst compared to the control (p<0.05)
(Table 3). The number of the murine-bovine iISCNT
blastocysts in culture with 11.0 uM BME was slightly
higher than in culture with 5.5 uM BME, even though there
was no significant difference in the blastocyst formation
rate (Table 3).

To characterize the murine-bovine iISCNT blastocysts,
the differential staining and the karyotype analysis were
performed. Differential staining showed the morphology of
the blastocyst with good quality and well-developed inner
cell mass (Figure 2A). The number of cells in the inner cell
mass and trophectoderm of was 22 and 44, respectively. The
murine-bovine iISCNT blastocysts showed normal 40 XX
chromosomes by karyotype analysis, indicating that the
blastocyst was derived from the mouse embryonic

L |

40 XX

Figure 2. Differential staining and karyotype analysis of murine-bovine interspecies nuclear transfer blastocyst. (A) Differential staining
of a murine-bovine interspecies nuclear transfer blastocyst, (B) Karyotype analysis of a murine-bovine interspecies nuclear transfer
blastocyst (40XX).
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fibroblast (Figure 2B).

Tedford et al. (1990) reviewed that the earliest stages of
embryogenesis in normal embryos are regulated by
maternally inherited gene products stored within the oocyte
cytoplasm and progression of development becomes
dependent in embryonic gene activation at a species-
specific developmental stage. Therefore, we tested the
effect of sequential medium, using bovine culture medium
until 8-cell stage embryos and then mouse culture medium
afterwards, for enhancing the in vitro development of
murine-bovine  iISCNT  embryos. Nevertheless, in
counterpoint to the hypothesis, the sequential medium
might not be more effective than the CR1aa medium only.

In order to increase the blastocyst formation rate in the
iSCNT embryo, we examined the effects of antioxidant-
supplemented media. Oxidative stress due to the formation
of reactive oxygen species (ROS) is also well known to
influence the development of early mammalian embryos in
vitro (Quinn et al., 1978; Noda et al., 1991). Toxic effects of
oxygen tension on embryo development have been reported
in mouse (Quinn et al., 1978; Pabon et al., 1989). Culturing
mouse embryos under low oxygen conditions increases the
blastocyst rate (Umaoka et al., 1992). Antioxidants play an
important role in reducing stress-related damages in embryo
development (Takahashi et al., 1993; Biggers et al., 2000).
It is known that, in mouse, addition of BME, a strong
antioxidant, in culture medium improves embryo
development (Pabon et al., 1989). Takahashi et al. (1993)
demonstrated that the addition of low molecular weight
thiols, such as cysteamine and BME, to culture medium
enhanced cysteine mediated GSH synthesis and improved
the production of bovine embryos in vitro. This increased
intracellular GSH content in oocytes and embryos of varied
developmental stages improves embryonic development
and embryo quality, resulting in higher blastocyst yield
(Biggers et al., 2000). They investigated to determine the
effect of 10 uM and 50 uM BME on the development of
bovine embryo (Takahashi et al., 1993) and Cammano et al.
(1996) also attempted to determine the effects of 0 uM and
100 uM BME on the development of bovine embryo. In
cloned bovine embryos, Park et al. (2004) reported that
antioxidants improved the embryonic development by
decreasing the apoptosis in blastomeres. In mouse, Bagis et
al. (2004) examined the effects of 10 uM BME on the
development of mouse embryos obtained from in vivo and
in vitro, and obtained increased blastocyst formation rate by
addition of BME.

Since the supplementation of the antioxidants in culture
medium could increase the developmental potential of in
vitro produced embryos (Takahashi et al., 1993; Caamano et
al., 1996; Bagis et al., 2004; Park et al., 2004), we expected
that the addition of an antioxidant to the media for iISCNT
embryos would have a similar beneficial effect. We
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Xist

Figure 3. RT-PCR analysis of murine Xist gene expression in the
murine-bovine interspecies somatic cell nuclear transfer embryos.
Murine Xist gene was expressed gradually from 8-cell to
blastocyst stage embryo.

observed that non-BME treated murine-bovine iSCNT
embryos resulted in fewer 8-cell stage embryos and,
although a single blastocyst was formed, no blastocysts
were obtained afterward. However, BME-treated embryos
developed into blastocysts at a rate of 2% and 4%, for 5.5
uM and 11.0 uM BME, respectively. In this study, the
optimal concentration (11.0 uM) of BME for the murine-
bovine iISCNT embryos was different from the result (50
uM) reported in bovine by Takahashi et al. (1993). In this
study, the concentration of BME was followed that of used
in mouse experiment (Bagis et al., 2004) since the iISCNT
embryos were derived from mouse donor cell. Therefore,
we propose that the improvement in blastocyst formation
rate in the presence of BME the murine-bovine iSCNT
embryos might be due to the beneficial effect of BME on
embryo development in vitro, possibly reducing the
oxidative stress.

RT-PCR analysis of the murine Xist gene expression
pattern in the murine-bovine interspecies somatic cell
nuclear transfer embryos

The zygotic genome activation in preimplantation stage
embryo usually occurs at 2-cell stage embryos in the murine
embryos, while at 8-cell stage embryos in the bovine
embryos. To assess the mouse genome activation in the
murine-bovine iISCNT embryos, the murine Xist gene
expression was analyzed by the RT-PCR assay. Murine Xist
gene was initially expressed at the 8-cell embryos and the
expression continued up to the blastocysts (Figure 3). This
result indicated that the expression of mouse genome
activated not at 2-cell stage but at 8-cell stage murine-
bovine iISCNT embryos, which might controlled by the
bovine cytoplasm.

The gene expression patterns in SCNT embryos have
been studied by comparing to the in vitro fertilized embryos,
and a wide-range of the irregular gene expression was
observed (Daniels et al., 2000; Winger et al., 2000; Rideout
et al., 2001; Boiani et al., 2002; Niemann et al., 2002).
Researchers suggested that the abnormal gene expression
might result in the debased the development on
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preimplantation embryos. Arat et al. (1993) and Park et al.
(2004) investigated how the bovine ooplasm affected gene
expression in mouse fibroblast nuclei at the 8-cell stage of
development to develop a base understanding of gene
expression in the murine-bovine iSCNT embryos. As a
result, abnormal gene expression profiles were observed in
several genes, such as housekeeping mouse genes (hsp70,
hprt, bax, and glu-1), developmental related gene (Oct-4
and E-cad) and zygotic genome activation related gene
(eAP) in mouse-bovine iISCNT embryos (Arat et al., 1993;
Park et al., 2004). They described that these results are
related to the arrest in the development at the 8-cell stage of
murine-bovine iISCNT embryos.

One of the differentially expressed genes by sequential
time in development between murine and bovine
preimplantation embryos is the Xist, an embryonic zygotic
genome activation related gene. Xist is one of a
considerable fraction of genes expressed during the early
phase of mammalian development. In female mammals, the
Xist gene is located at the X-inactivation center (XIC)
(Maurizio et al., 2002) and is expressed beginning at the 1-
cell stage in human (Daniels et al., 1997) the 4-cell stage in
murine (Kay et al., 1993; Kay et al., 1994) and the 8-cell
stage in bovine embryos (De La Fuente et al., 1999).
Therefore, the Xist gene is appropriate for detecting
differences between the murine and the murine-bovine
iSCNT embryos because the Xist gene is not expressed until
the developmental block and it is known to affect several
developmental functions after the block. In this study, the
Xist gene was expressed at the 8-cell stage in the murine-
bovine iISCNT embryos, showing that the expressed gene
related with zygotic activation is similar to that of bovine.

In this study, we have produced the murine-bovine
iSCNT blastocyst for the first time using the bovine
medium, CR1aa, supplemented with an antioxidant, BME.
Though the research on iSCNT, in spatially distance species,
is still in its early stage as the brevity of the bibliography
attests, we tentatively conclude that these results might be
provide the useful information and technology for better
understanding of the potential and mechanisms for the
development of iISCNT embryos. Further studies regarding
the detailed molecular mechanisms and the behavior of
mitochondria in iISCNT embryos are needed to expand its
practical application.
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